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PEEFACE TO THE SECOND EDITION. 



rpiIE reception accorded (.0 this work lias been so 
favourable as to induce tlie Publisher to issue 
a second edition, in which such new matter should 
be embodied as tliG progress of Microscopic science 
might- require. Ho therefore applied to the Author, 
but he found to iiis regret that the state of Mr, 
Daviea's health was such as to forbid his under- 
taking the labour. He had, however, collected 
many valuable notes and memoranda, which he 
was willing to yAiw. n.f, the disposal of any gentle- 
man who might, bo soleei.ed to edit the work. The 
Publisher then consulted, the present Editor, who, 
after some hesitation, consented not only to use 
his best efforts with the ample materials placed at 
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THE SEGONB EDITION. 

his disposal, but also to make such additions as his 
experience might suggest in extension of the use- 
fulness of the book to a new class of readers, — the 
Medical Student, and the Junior Medical Practi- 
tioner. To this end, besides other matter, a brief 
prefatory chapter has been added, embracing the 
olemcnts of preliminary histological manipulation. 
While claiming the indulgence of the elders of his 
profession,— the Editor feels that the host and truest 
apology for this treatise, its raieon d'etre — in fact, 
may be found in the words of its concluding para- 
graph to which the reader is now courteously 
referred. 

4, Mtlbe Sirekt, Myddelton Square, E.C. 
October, 1873, 
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PREFACE TO THE FIRST EDITION. 



TN bringing this Handbook before the public, the 
Author believes chut he i^ supplying a want which 
has been long felt. Much in form at ion concerning 
the "Preparation and Mounting of Microscopic 
Objects "has been already published; but mostly 
as supplementary chapters only, in books written 
professedly upon the Microscope. From this it is 
evident that it was necessary to consult a number 
of works in order to obtain anything liko a com- 
plete knowledge of the subject. These pa.ges, 
however, will be found to comprise most of the 
approved methods of mounting, together with 
l.lie results of l.'ie Author's experience, and that, 
of many of his friends, in every department of 
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microscopic manipulation ; and as it is intended 
to assist the beginner as well as tlie advanced 
student, the very rudiments of the art have not 
been omitted. 

As there is a diversity of opinion as to the best 
mode of proceeding in certain cases, numerous 
quotations have been made. Wherever this has 
been donej the Author believes that ho has acknow- 
ledged the source from which he has taken the 
information ; and he here tenders his sincere 
thanks to those friends who have so freely allowed 
him to make uso of their works. Should, however, 
any one find his own process in these pages 
unacknowledged, the Author can only plead over- 
sight, and his regret that such should have been 
the case. 
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PREPARATION AND MOUNTING 



MICROSCOPIC OBJECTS, 



CHAPTER I. 



This work having been written chiefly to help students, 
the writer does not venture to affirm of it that it is by any 
means complete or exhaustive. The art of microscopic 
manipulation is progressive, and it is scarcely possible, 
therefore, to say of a work on the uubjeot, that it holds all 
that is known at any given time. It is an art, too, which 
js so inextricably mixed up with the highest branches (I 
scientific inquiry, that new modes of investigation are daily 
Revised by the aentest in tercet,:!, and with these it is very 
difficult for a writer to keep pace. 

It is a well-nigh hopeless lii.sk to attempt to teach such 
modes of inquiry by preempt, yet it is felt that some short 
account of them may reasonably be expected here. Reft'}' 
ence is now made more particularly to file practical part of 
human and comparative lii: : t;'l./;,y. As tin's is not a treatise 
on histology, but is devoted mainly to the methods of pre- 
serving the results cl' researches in that science, it is scarcely 
possible to indicate to the student how lie shall proceed in 
any given ease; yet there are certain teats, reagents, and 
Btaining matters employed, with the uses and effects oi 
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2 PREPARATION AS I) XOllKTiKH 

which lie should lie familiar, so as to be able to speak with. 
gome degree of eerta::i':y of the nature of tlio tissues demon- 
.sfra'.ed by them. 

If; is now, therefore, intended to give the reader a list of 
theso aids, arranging them according to the effects which it 
is desired to produce. Strieker observes, "that it is to be 
borne in mind that it is impossible to spiv of any fluid that 
it constitutes an indifferent, i.e., neutral, medium for fresh 
tissues of all kinds. In all instances we must be prepared 
for changes taking place." He gives, however, a list of 
fluids to which structures are generally most indifferent, i.e., 
in which least alteration may be detected under examina- 
tion while fresh, viz, : — 

1st. Fluid of the aqueous humour. 

2nd. The serum of the blood. 

3rd. Amniotic fluid, very fp'e*h, in which a little iodine 
has been dissolved, making it of pi faint, yellow tint. 

4th. Very dilute solutions of neutral salts, such as phos- 
phate and acetate of soda avid potash, &c. 

f.t is scarcely within the power of any one observer to 
have largely used or tested the whole of the processes here- 
inafter to bo mentioned. The writer therefore freely admits 
his obligations to the treatises of Drs. Tfeale and Carpenter 



Mr. Quekett and Mr. Fownee, 


as well as to those of Stricter, 


Frey, Klein, Schultze, Kiihn. 


i, Dehors, Leber, and others, 


many of whoso processes he 


has personally verified, and of 


whose manuals, especially thoi 


ie of Beale, Strieker, and Frey, 


the student is advised to poss 


ess himself. He believes also, 


from his own early esperienc 


es, that some short rationale 


of the intentions of the proces 


ses and means of investigation 


used by well-known workers i 


nay be acceptable to the stu- 


dent, in repeating their exp. 


iriinouts before embarking in 


any of his own. 




These Materials and metb. 


ids may be divided, then, and 


described according to their 


effects somewhat as follows; 


and it is in the judicious seh 


:etion of each one or more of 


them that the tact and discr 


etion of the student will best 
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j, and thatpo 
igh they may 



■s to be displayed, i 



. 1'lV, 



>abii 



■ pves 



i a colourless 



nr solutions, ljy the effect of 
oft as to iji'ink down ov be oi.lie-r- 

:«h (■■xa.uiliia.i.i'iii as may saflieo to 
"differentiate") their parts, without 



thetiBs 

of their 

when subsequently examined 

medium. 

3rd. Hardening agents 01 
which, tissues naturally so soft 
wise unmanageable under n 
enough for section, 
to discriminate (o 
either disturbing or eruii'issirig their structural relations. 

4th. Softening iigenl.s of animal and vegetable tissues- 

"i'.li. H-islvisuls of the same. 

6th. Solvents of calcareous matter. 

7th. Solvents of siliceous matter. 

8th. Solvents of uily and fatty matters. 

SJth. Polarized light, by the agency of which structures 
and organs may often be optie-.iily iliiferoutiated as a pre- 
liminary to other modes of investigation. 

10th. Electricity and heat. 

11th. The moist chamber. 

In dealing with strneti.ires by menus of the agents com- 
prised under the first division of our list, a very frequent 
and necessary preliminary is the teasing out or separation 
of fibres by means of two sharp needles set in convenient 
handles. But it must be- remembered that an appearance 
of structure, where it docs not really exist, may easily be 
thus produced. It is often necessary, also, that the object 
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shall have been r 


macerated in water 


for so long a time 


as may be require' 


the connective tie 


una. Tt is of thee 


presently have to 


apeak in detail, gr 


to their relative 


importance. Boil 


often be employe* 


1 with advantage. 


hastily concluded 


that, because the 


visible, there is th 


ercfuro nothing tt 


many important t 





apparently stnietundeiis, 
or homogeneous, which yet are possessed of such diverse 
elements as absolutely to require Rome process by which 
they may be optically or visually differentiated, if one may 
use such a phrase, i.e., discriminated from the neighbouring 
tissues or organs. It is thus that their proper uses and 
purposes in relation to the whole organism may be correctly 
indicated or inferred, their histological nature decided, and 
their physiological relations and connections established be- 
yond doubt. 

The student is also very emphatically cautioned against 
the use of objectives of very wide angle, as well as of 
deep eye-pieces. In the former case, the relations of 
structures to each other can never be well made out, since 
it is impossible to get a focus of any depth (i.e., of all the 
structures involved;, in one view, beeansH' the objects in one 
plane only can be clearly wen, the rest, either above or below, 
being more or less out of toons, and therefore hazy and 
indistinct. This objection applies far less to those of lesser 
angle, which are therefore the be.it fur histological purposes. 
In the latter ease, we have nearly the same delect to con- 
tend with, viz., that surface m»rhings only, or mostly, can 
lie seen clearly (oof, to sjieal; ef lie loss of light). The tide 
cf the draw-Lube is the kiie remedy for this. 
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OF MCCJIOSCOPIC C 



: ci -1 hvdroch'orie acids (the latter 



Uiu'lfii- our first licail may he rauyeil tho following :- 
Acetic acid. 

Liquor potas?a3 and sm'ic. 
Concert r riited sulphuric \ 

siitui'Liliji.1 with chlorine). 
Tannin. 

Lime and baryta water. 
Oxalic acid. 
Nitric acid with chlorate of potash, 

Alc.ohol, 

Iodine. 

Glycerine (?) 

Phosphoric acid (tribasic). 



ratei 



Ira 



mt the follov 



r thai 



mtly proloi 
■n S thsu.s 



rithot 



mersion, render; 
i in general dea 
scies (of the fro 



troymg t 

(Kollilier).) cell-wuiis geuovn.'.iy (not tho nuoleus), epithelial 
structures, white fibrous tissue. Dr. Beale says that yellow 
fibrous tissue is unaltered by it. Many kinds of formed 
material, see-Lions ..if |.iri-]iit; a'jims whioo have been hardened 
by alcohol. Dr. Beale also says that it. dissolves granular 
matter composed of albuminous material, and that many 
tissues are quite insoluble in it. though they are not ren- 
dered opaque by it. Acetic acid renders some tissues trans- 
parent by dissolving out the phosphate or carbonate of lime, 
which they may contain, but it bus no similar solvent power 
over oxalate of lime. Parts which are unaffected by this 
acid are then made more conspicuous. 

Liquor polassm and liquor soda; act in much the same 
way, according to the degree of their dilution, but on different 
structures. Albuminous tissues, epithelium, &c, are either 
dissolved by them or rendered so trans parent as not to 
obstruct tho vieiv of the subjacent structures. 
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Concentrated sul|..havie and hydroebhirle acids, used co,.. , 
cause epidermic strncturee to ewell up, so that their cells 
may be easily separated. 

Tannin, dissolved in water or rectified spirit of wine, 
hardens gelatinous and albuminoid tissue s : it also makes 
them shriek. Tls solution [ ri. water has been a sod. an men- 
tioned in another part of this treatise, as an injection pre- 
liminary to one of coloured gebuinc, to ji re rait extravasation 
through the walls of the blood-vessels. It also colours the 
tissues a fawn-colour, or a very faint brown. 

Lime water and baryta, water, especially the latter, will, 
according to Bullet, dissolve tli.; animal cement by which the 
fibres of connective tissue are held together. After a few 
days' soaking such tissue, as well as tendon, may easily be 
teased out by needles. 

Oxalic acid, in a cold saturated solution (1 acid, IS 
water), according to Schultze, " causes connective tissues to 
swell up and heeoroe trans pure at,, while those formed of al- 
buminous substances become hardened and isolated. Ex- 
tremely delicate elements of tho body, such as the rods of 
the retina, &■<:■., are thus well preserved." 

Strong nitric aeid mixed wit li chlorate (if potash destroys 
connective tissue in a short time, and is therefore a good 
medium for isohitieg muscular fibres (Kuhne). 

Sulphuric acid, highly diluted (1. to I, COO parts of water), 
used warm, gelatinizes connective tissue, unci is also useful 
for the isolation of muscular fibres. 

Strong hydrochloric acid dissolves the intercellular sub- 
stances of organs abounding in eonnectivo tissue. 

Ammonia acts on animal matters much iu the same way 
as potash and soda. 

Alcohol eOH.gula.tes albuminous tissues, and makes them 
opaque. It corrugates most transparent membranes, and 
thus renders them more visible. 

Finally, it may be affirmed that there often exists a need 
of making objects which are too dark more transparent by 
means of a fluid which permeates them kiu qudlly, so that 
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or Aiieniisijoi'ic objects. J 

the tissues are thereby sis it were " differentiated," yet not 
altered in any material degree. This may bo effected by 
solutions of gum, «iH;;a', glyceniie, and creosote, if the 
tissues are moist. If dry, then turpentine, Canada balsam, 
benzine or benzoic 1 , nr.J the essential oils of cloves, anise, 
and cassia, may be employed. 

2nd Division, 
Under the second division of our subject come staining 

Many of these will be found mentioned in I in- body of tin's 
work. They comprise carmine solutions, both acid and 
alkaline ; aniline colours, indigo, carmine, biematosyline, 
&c , formulse for the use of which are given. To these Erey 
adds, blue tingeing by itiolybibit.o of ammonia, and double 
staining by carmine nod picric acid. 

A neutral solution of lie jiHiljl'drite of ammonia of the 
strength of 5 per cent, gives a blue tint to nerve- tissue, 
lymphatic glands, and ciliated epithelial cells, after macera- 
tion for 21. hours in the light. 

For double staining by cm-mints ami picric acid he recom- 
mends a mixture containing — 

1 part creosote, 
10 parts acetic acid, 

20 parts water. 

Soak the tissues in this solution while boiling for about a 
minute, then dry for two days. Make thin sections of them, 
immerse for an hour in water faintly acidulated with 
acetic acid, and then wash in distilled water. Nest place 
them in a very dilute watery solution of ammoniaeal car- 
mine, wash again in water, and pb.ee in a solution of picric 
acid iu water, the strength of which will vary according tc 
circumstances. The sections are then to be placed on a 
slide, superfluous acid allowed to drain oil', and a inixturo of 
i parts creosote to 1 of old reunions turpentine dropped on 
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them. In about half ,111 hoar 1:hov wii: besoms transparent, 
and may be mounted in Canada balsam. 

"A peculiar effect is thus obtained. Epithelial and 
glandular cells, muscles, and the walls of vessels show a 
yellowish colour, with reddened nuclei, while the connective 
tissue is not coloured by the piorio acid, and only presents 
the carmine colour." 

Another mode of effecting the above is by adding to a 
saturated and filtered solution of picric acid in water, a 
strong ammoniacal solution of carmine, drop by drop, until 
neutralisation takes place. Sections may be soaked in this 
solution, more or less dilute, for a sufficient time, and 
treated as in the previous method. 

The other staining agents are j— nitrate of silver, osmie 
acid, chloride of gold, chloride of gold and potassium, proto- 
ohloride of palladium. These are to be wade into weak 
solutions in distilled water, in which the tissues, in section 
or otherwise, are to be placed, and then exposed to light for 
a sufficient time. 

L-ber recommends a mode of staining by Prussian blue, 
as follows:— Immerse the specimen in a weak solution 
of a protosalt of iron for five minutes, more or less, 
according to size or the thinness of the section. Then 
wash and move it to and fro for a few minutes in a 
I per cent, solution of ferro-cyanide of potassium until it 
assumes an intense and uniform blue colour. Then wash 
in water, soak in alcohol, and mount as usual. The effect 
is that of partial tingeing ; the colour penetrates very 
deeply, and the tissue may be subsequently stained with 
iodino, carmina, or fncheine. This method has been used for 
the cornea of the frog. 

Iodine 1 part, with 3 of iodide of potassium, dissolved in 
500 of water, may be used for t-ingvinjf of a brown colour 
animal cells, as well as all amyloid substances, animal or 
vegetable, sulphuric acid being added. 
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Ban Divibioh. 

Under the third division of our list may be ranged the 
following agents : — alcohol, solutions of chromic acid, bi- 
chromate of potash, hyiKirostuic- acid, chloride of palladium, 
bichloride of mercury (in 0'-oadbv\i solution), and taonia, or 
tbc substance may he dried in thin layers or email pieces, 
either spontaneously or in vacuo, or by carefully regulated 
heat; in some cases it may bo boiled, or it may be frozen, 

Alcohol is, on the whole, the beat and most convenient of 
the hardening agents. It acts by abstracting mater and 
coagulating albumen, anil its i:ses as a preservative fluid 



when it is desired to mount specimens quickly out of watery 
fluids in Canada balsam, without drying them previously. 
After a longer or shorter soaking iu it, according to their 
size or thinness, preparations may be at onco placed in tur- 
pentine, and then easily and speedily put up for examina- 
tion in balsam. 

Dr. Beak) recommends a mixture of alcohol and a solu- 
tion of caustic soda for the preservation of delicate tissues. 
He observes, " that alcohol alone tends to coagulate albu- 
minous textures and render them opaque, at the same time 
that it hardens them. The alkali, on the other hand, will 
render them soft ri.ud trail spavei it, ii'kI would dissolve them 
if time were allowed. These t 
harden the texture, and at the s: 
transparent." 

Chromic acid in solution, 025 — 0'5 to 1 and 2 per cent. 
of distilled water is much used. On account of its deli- 
quescence, it is most conveniently kept in a saturated solu- 
tion, which may be diluted as desired; and very often the 
weaker this solution the better. "When it has had the de- 
sired effect on the tissue, the preparation should be removed 
into diluted alcohol, on account of the readiness with which 
fungi and confervoid growths are formed in chromic acid 
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solutions. There arc some precautions needed for perfect 
success with, this agent, for which the reader is referred to 
Frey's " Microscopic Technology." 

Bichromate of potash, in solutions of similar strength to 
those of chromic acid, may ho used in the same way, hut is 
far slower in producing its tl"i:ct, and therefore inferior in 
the opinion of many- id: richer, ho never, says, " that it has 
the great advantage that tissues saturated with it do not 
become friable, and that the time occupied by this agent, 
as well as by the preceding, may ho much shortened by re- 
moving the preparation into alcohol for twenty-four hours." 

It is always advisable to divide flic substances to be har- 
dened into portions as small as convenient, since the larger 
often putrefy in the centre, though they harden at the sur- 
face. It is quite certain that many of the more delicate 
atructures, audi as the rods of the cochlea of the ear 
(Pritehard), those of the eyes of insects, &c, are better 
prepared with this than by the preceding' agent. Ono great 
element of success in these two processes ia, that tho volume 
of the solution should he very large, in proportion to the 
sine of tho object; another, that the action should be 
commenced with a weal; solution, and continued with a 
stronger. 

It sometimes happens that, objects may he hardened too 
mnch by these solutions, though there is less risk by the 
bichromate of potash. In such oases Frey recommends that 
they be soaked in glycerine for a, few days', and even that it 
he added to the solutions at first. He, with Deiters, Arnold, 
Schultze, and Kiibne, claims I'm- these solutions an effect ol 
the most important kind, viz., that of " preserving the finest 
textural relations, while exerting a somewhat macerating 
action ou them, so that very delicate organisations, especially 
in nerve tissues, laay be made visibly, which were previously 
hidden, or not visible in examination of the fresh tissue." 

Hyperosmic acid and chloride of palladium are sometimes 
used for this purpose also. Their solutions may contain 
from one-fifth to one-tenth per cent, of di-hilled water. 
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Bichloride of mercury acts, in hardening tissues (like 
most of the preceding, probably), by combining and forming 
an insoluble compound with their albuminoid elements. It 
is not much employed for this purpose, but is principally 
of use in certain preservative solutions mentioned elsewhere 
in these pages. 

Tannic acid forms insolub'e iiniupoi-.nds with a great 
variety of organic and especially animal substances, as solu- 
tions of star nli and gelatine, solid muscular fibre and skin, 
&c., which then acfpihc tiro power of resisting' putrefac- 
tion. It scarcely colours animal membrane. Dr. Be.ale 
says that its action upon red blood corpuscles is "very 
peculiar." The solution used is three grains to au ounce of 
water. Other uses of tannin (tannic acid) will be found 
elsewhere in thin work, and the intelligent student will easily 
thence infer its action and properties. 

Drying may he effected either in a current of warm dry 
air, or under a bell-^lass over sulphuric acid, or over a layer 
of parched oatmeal ; or a cheap form of water bath may be 
employed, such a.s will be found de-ciihcd in this work. 
Another very speedy method is to soal; the specimen in 
strong alcohol for a sn'tclunt time, remove it, and expose to 
a current of warm dry air. 

Boiling.— Tissues may tie hardened by boiling in a fluid 
consisting of 8 parts water, 1 part creosote, and 1 part 
vinegar, for two or three nihmtes. They may then be laid 
out to dry. After two or three days they acquire a firm- 
ness admirably adapted for section; but if they remain too 
long uncut they become of a. cone.ishmce unfit for that pur- 
pose. On the whole, boiling is not to be recommended, 
though Strieker says that it has its occasional uses. 

Freezing may be employed for otherwise unmanageable 
structures, such as brain, spinal cord, &:e. (though there 
seems to be an olfaction of a theoretical kind to this use of 
it, via., that it may iiijuie or alter tlie ceh-J, or other tissues 
which will not admit the u-e of ciivoniic acid, or which it may 
be desired to view under other aspects. 
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handle if it is flowed to freeze on a piece of cork. Herves 
and muscles have been treated in this manual with good 
results. Glands (salivary), livers, spleens, the lungs, skin, 

and the bodies of c,,;l,-„os (see "BeaVs process for tile same 
in this work), also gauglia, nflWft excellent appearances. 
Indifferent (or neutral) media, such as iodine scrum, are to 
be used in examining such sections. Or the preparation may 
be held in paraffine wax (diluted or not with oil), or tallow, 
which have been melted, and the object suspended or 
plunged in them until they cool, and the cooling may be 
carried further, if needed, by freezing." 

In reference to this subject, Mr. Kesteven informs the 
author that lie lias found tbe paraffine composition more 
useful for brain than epinal cord. The former can be out 
into any angular shape, and be so held steady for slicing; 
hut the cord, being round, beeomes loosened in its setting of 
was (or paraffins), and revolves with the pressure of tho knife. 
For either brain or eoid be pri;foi* lmiid-cr.ti.ing with a very 
sharp razor, after the manner of Lockhart Clarke (see Mr. 
Ki'sl.even's paper in St. IJiutholomew's "Hospital Reports). 
If many sections are to be made from a brain, machine- 
cutting saves much time. Tho razor should have some 
spirit of wine dropped on it, so as to prevent the sections 
adhering. The cutting machines- arc generally graduated 
(by a screw and index) on the upward movement, so as to 
enable one to judge oi the tSiidiiioss of the section ; but as 
the brain substance and paviifiii c are both yielding to a cer- 
tain extent, the muling mnsi be fallen '.vitb. allowance. 
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4th Division. 

This includes glycerins, li'.-juor potassa' ami sodse, heat (as 
regards some substances), maceration (..Mi.rriod to incipient 
putrescence), nitric arid eblor-hydrie acids, either pure or 
dilute (in the case of bones, nails, &c). 

The writer is in doubt whether glycerine ought or not to 
be included under tbis section or the first, its uses and 
effects being ao various and interesting. Indeed, there is 
Scarcely any agent to ivhieli hi^t/io^y in move indebted for 
its present status and progress, since there is now no doubt 
that elementary tissue can be more ro;idily discriminated in 
thi.-r. medium — perhaps, too, lnj it--fh.ini any other. It has 
also the valuable properly of preserving the tissues, if it be 
not too much diluted, and even then it is generally effectual 
if camphor water be employed as the diluent. The strongest 
and best glycerine should always he employed. The Erst 
effect on tissues immersed in it is that they shrink, owing 
to the abstraction of their water; but Dr. .ISeale speaks in 
the highest terms of its uses and advantages, and declares 
that the tissues gradually regain their original volume if 
left in it for a sufficient time. They then soften, and even 
swell tip. His practice is first to immerse the specimen in 
weak glycerine solution, and then gradually to increase the 
density of the fluid. He recommends, also, "in order that 
tissues may be uniformly permeated with a fluid within a 
very short time after the death of an animal, that the fluid 
should come ■/."rV^y in contact with every pari- of the texture." 
This, he says, may be effected in two ways, by 

A. Soaliing very thin pieces in the fluid; 

.11. liy injecting" the iluid into the vessels of the animal. 

He thinks that these properties more particularly apper- 
tain to glycerine than to any other medium, and affirms 
that " cerebral tissues, delicate -nervous tissues like the retina 
or the nerve-textures of the internal ear, may be saturated 
with it, and d-<.tn*: ! .i:-r. ■■:■: . :■ r".i :-cd 'u ■■■. dc-jree of minutenets 
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impossible in any other medium. All that is required is, 
that the strength of the fluid should be increased very 
gradually -until the whole tissue is thoroughly penetrated by 
the fltrongest that cn.ii be obtained;" and " that thus very 
hard textures may be softened, so that by gradually increas- 
ing pressure and careful manipulation exceedingly thin 
layers can be obtained, without the relation of the anatomi- 
cal elements to each other beiny much altered, Or any of the 
tissues destroyed." He also tub's, occasion to observe, " that 
tissues immersed in water are destroyed by even moderate 
pressure; but that in a viscid medium (such, as glycerine or 
syrup) the requisite pvessaic can he borne not only without 
injury or impairment of the discrimination of theft parts, 
but with advantage to their detail." One very great advan- 
tage which results from l.li.e use of glycerine for the prepara- 
tion of textures is, that however they may swell in it after 
prolonged immersion, a snmk'ient soaking in water will 
always rostere them to their normal condition. Another is, 
that on account of its very high refractive power, it is 
peculiarly fitted for the preparation of structures to be in- 
vestigated by polarized light, with the same advantage as in 
the preceding case, that they arc still amenable to all other 
mooes of inquiry. 

The eaustie alkalies— potash, soda, and ammonia, are 
solvents of all animal textures except chii.ine, and perhaps 
bone. As in nearly all cases a softening action, with little 
or no alteration of tissue, precedes the solvent action, theso 
agents, and especially the first two, have their uses. Under 
their influence " a condition is induced very favourable to 
the imbibition of water, which afterwards penetrates very 
rapidly, so that colls swell up and burst." They may be 
used either with or without heat, and more or less dilute. 
There is one disadvantage attending their use, that objects 
can with difficulty be preserved after malting in them. 

Heat, applied either by the uid of hot water or steam, or 
the sand-bath, or a bath of fusible metals, or of melted le^d, 
is a very efficient means of soiteimi-; horoy substances, whale- 
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bona, &o., and rendering them plastic. Very thin lamina; of 
these substances may also be procured by the employment 
of a well-sharpened scraper, such as that used by cabinet- 
makers. This plan applies more to longitudinal than to 
transverse sections; yet even the latter may be obtained by 
fixing the object while soft in a piece of hard wood, and 
scraping both together. Long continued slow boiling softens 
and eventually disintegrates nearly all animal and vegetable 
tissues. Muscular fibre and many other textures may thus 
be isolated, such as spiral vessels, &C, in vegetables. 

Prolonged maceration in water, for the preparation of 
anatomical structures, generally bony, is a process too well 
known, to need description here. The addition of very 
dilute nitric, hydrochloric, and acetic acids is much em- 
ployed for the separation of muscular fibres, both striated 
and smooth. Two or three Jays arc required, or even more. 

Nails may be softened very quickly by hot concentrated 
sulphurio acid— or, still better, by honor potasses, strength 
about 25 to 27 per cent,— so as to show isolated and dis- 
tended cells by solution of the intercellular substance, 

Bones are softened, -U. deealeilicd, by boiling or, still 
better, by slow maceration in weak solutions of nitric and 
hydrochloric acids, by the action of which the phosphate 
and carbonate of lime may be entirely removed. This pro- 
cess isolates the animal raii.tt.er, i.e. the osseiue— sometimes 
miscalled gelatine— with sill its peculiar fibres arid processes. 
But bones may be treated in another way, so as to show or 
isolate the bone corpuscles with their processes, by removal 
or destruction of the intercellular snl.wta.nce. Though this 
can scarcely be called softening them, yet it may be most 
fitly mentioned here. For this purpose, a Papin's digester 
is necessary. When the boiling of bones lias been for a long 
time carried on by means of one of these machines, they 
seem to be dissolved ; but on examination a coarse powder, 
consisting of the isobi.'.ed corpuscles axil their processes, is 
found at the bottom oi' the vessel, v.b.ich will amply repay 
the trouble of examination. 
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Teeth may "bo (.mated in the same manner as bonca, except 

for the examination of the enamel, \vl ich is best c tie ^ ted by 
sections and grinding. For that purpose developing teeth 
should be chosen, as in them, the onsiml prisma are most 
easily isolated. 

5ra Division. 

As the solution of animal and vegetable tisanes generally 
means the cod fusion ov destruction of their histological 
elements, not much can or need be said of it here, except 
that it may be as well to indicate the special solvents and 

tests of the Special components of all Issues, since it is upon 
a correct knowledge and appreciation of the degrees and 
differences of the action of the.se, that effective histological 
research must chiefly depend. 

Albumen, when pure, is nearly insoluble in water, wholly 
so when coagulated by beat, in dilute caustic alkali it 
dissolves with facility. Solution of nitrate of potash, acetic 
and tri-basic pliosphnyie acids, e.rn.l pepsire, dissolve the pur- 
est form of silbnnifcn procured fcum while of egg. 

Fownes observes, "that it must be remembered that a 
considerable quantity of alkali and very minute quantities 
of the mineral acids, prevent coagulation by heat, and that 
the addition of acetic acid, indispensable to the teat by mer- 
cury, produces the same effect." 

Fibrine of blood is insoluble in both hot and cold water, 
but is partly dissolved by long-continued boiling. Fresh 
fibrino, wetted with eoneent.i-s.ted acetic acid, forms after 
some hours a trailer; are nt jelly, which, slowly dissolves in 
water. Very dilute emistie alkali dissolves fibrino completely. 
Phosphoric acid produce:; a similar effect. Fibrino of flesh, 
which is not identical with that of blood (Ihiebig), is soluble 
in cold water containing one-tenth of hydrochloric acid. 

Casein is only soluble in water in the presence of free 
alkali in very small quantities. It is partly soluble also in 
very dilute acid a. 
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Gelatin, ehondrin, anil osseins are the result of the boiling 
of animal me rubral if-, skin, UinJoiis, and bones, respectively 
at a high temperature for a sufficient time. They are 
insoluble in cold w;i.tnr, but easily dissolved by the use of 
heat. Alcohol, corrosive sublimate in excess, nitrate of 
mercury, and, most characteristically, tannin, precipitate 
gelatine— the latter when it is very largely diluted. 

" Skin and tendons contain a substance which resists the 
action of boiling water for many hours. It is insoluble in 
cold concentrated acetic acid, but by long- continued boiling 
in it, is gradually dissolved, and more easily in hydrochloric 
acid.'' (1'ownes.) 

Horny substance— keratin, found in hair, nails, feathers, 
and epithelium, is obtained by finely dividing them, treat- 
ing them with hot water, and afterwards by boiling alcohol 
and ether. The horny substance is then very soluble in 
canstic potash. 

Of bones we have already spoken. 

It has been mentioned elsewhere in this work, that all 
the internal organs of insects may easily be dissolved out by 
boiling in liqnor potasFa?, leaving their external chitinous 
structures, limbs, &a., unaffected. But this is a proceeding 
much to be deprecated, for various reasons which it is 
scarcely necessary to give here. It is far better to treat 
them in another war, by which t;i i. ■-(.- organs maybe ex- 
amined in situ, at least to a very great extent, as will 
presently be shown. 

The parenchyma of leaves and many other vegetable 
structures mav be decomposed by prolonged maceration in 
water, and then easily be washed away. Nitric acid, vary- 
ingly diluted, will produce the same effect more speedily, the 
objects not rpquiriiiii the: sunie amount of bleaching subse- 
quently. But by fur tlic best and moit speedy method is, 
to place them in the liquid manure tank of the gardener 
for a sufficiently long maceration. The results of this plao 
are exquisitely beautiful. 
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io, and sulphuric acids. The earth of 


bones consists of 


a combination of two tribasic phosphates 


of lime, both of 


■which are entirely soluble in nitric and 


hydrochloric acid 


s. Sulphuric acid abstracts a part of tb( 


lime of bones, lea' 


ring a superphosphate— a substance much 



ted in agriculture a-; a manure. Fluoride of ealcii 
existing in small quantity in bones, but in larger in the 
enamel of teeth (and of the ganoid scales of fish P), is de- 
composed by sulphuric acid, v.hkh combines with the cal- 
cium, allowing the hydrofluoric acid to fly off in a gaseous 
state. Carbonate of lime dissolves in nitric and hydro- 
chloric acids. The shells of mollusca, and teste of echino- 
dermata, consisting principally of carbonate of lime, are also 
soluble in the same acids, es well us those of nummulites 
foraminif'era, &c, which Im.vo been infiltrated with siliceous 
matter. These present tho met beautiful " casts," which 
are esactlyoft.be sha^e of the SUroode body and canal sys- 
tem, thus enabling their iuterral organs to be studied with 
much accuracy. Dr. Carpenter says that they are of "won- 
derful completeness." 

7lH DlYIBIOH. 
Silica is nearly altogether insoluble in v.-ator, but dissolves 
freely in strong alkaline solutions. Its only acid solvent is 
hydrofluoric acid, Its combinations with alarger proportion 
of alkali are soluble in water, and from such solutions silica 
may be precipitated in a gelatinous or colloid form by 
acids, or separated by dialysis, in the form of colloid silica. 
This substance may be used for procuring certain modifica- 
tions of crystals of suits for the polar i^eupe, such as sulphate 
of magnesia, Bul|)ha.tc of copper, boraeic acid, sulphate of zinc, 
&c. In its combination with a smaller proportion of alkali, 
forming glass, it is attacked by hydrofluoric acid and its 
vapour, and advantage may be taken of this property to 
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engrave names, numbers, &o., neatly upon slides, for classifi- 
cation in the cabinet. Tho glass to be engraved must be 
coated with an etching ground of oily varnish or was, and 
tho necessary writing ■.-Ii'^c-VolI upon it by a point, which 
must pierce through the projective material. A shallow 
basin, made by b'.nijiiny np die edges of i: piece of sheet-lead, 
is then prepared, a Utile powdered finer spar placed in it, 
and enough sulpliurie acid added to form a thin paste. The 
glass is then placed in any convenient way over the basin, 
the waxed side downwards. A gentle heat is nest applied, 
whereby the vaponr of liydivf .;orie e.eid in disengaged. This 
acts upon the class exposed by the point in a very few 
minutes, removing a portion of its surface. The wax must 
then be removed by turpentine. If the lines which result 
are then rubbed over with any coloured varnish, and the 
varnish gently wiped oil' by a soft piece of rag, a sufficient 
portion will most probably remain in the etched marks to 
render them easily visible and legible. Of course it will be 
as well to prepare many slides in this way at once. It is not 
necessary to coat, tin? whole surface of the slides with tho 
protective varnish, if the leaden basin be covered with a 
thin piece of wood or sheet-lead perforated with holes 
slightly larger than the si.uTace to be etched, over which 
holes the slides must bo inverted for a sufficient time. This 
latter hint applies more particularly to finished slides requir- 
ing to be labelled. 

8th Division. 

The proper solvents of the fb:ed. oily ami fatty matters-, 
are ether, benzole (or hen/.ine), turpentine, and tho essen- 
tial oils generally. Castor oil is nearly the only one which 
is soluble in alcohol, the rest being only slightly so. They 
are all capable of saponification with Cii.ns1.ic alkalis, and so 
become indirectly soluble in soft or distilled water, other- 
wise they are wholly insoluble in it. 

The volatile or essential oils mis in all proportions with 
fatty oils, and are wholly soluble in ether and alcohol. 
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Camphor dissolves in a only very small p m portion in water, 
but freely in alcohol, ether, and Btrong acetic acid. 
9th Division. 

It is by no means intended to speak here of the general 
properties and uses of polluted light. But in relation to 
its special powers in the " differentiation " of tissues, there 
is very much to he learned. To he fitted for examination 
by this method, objects must he luetic more or lesa trans- 
parent or translucent; and in effecting this it is advisable, 
perhaps necessary, to tnipli;)' media ot r.iyh refractive power. 
Even when so pi> pared, it may be further necessary in some 
cases to employ seienite or mica jihr.s, still more to enhance 
their colour. !N"»t the leasL ii'i.liea'ion can lie afforded to the 
observer as to v»- Vi : 1 1. colours lie should employ generally, yet 
it is a matter of frequent observation that what are called 
"neutral tints" are to be preferred, such as result from the 
judicious use of compound suciiite stages adjusted properly 
for that special effect. 

The media most suitable for the preparation of objects to 
be examined in this way are glycerine, syrup, turpentine, 
dammar and benzole — or the latter alone, Canada balsam, 
and the essential oils. Of course sections most be made of 
tissues otherwise too thick, Of the advantages of employing 
the first of these we have already spoken ; bat to these must 
be added this important one, that it docs not Spoil theobject 
for elimination by other niethcds, if tlic glycerine bo. soaked 
out by maceration in water; and this is true also of syrup, 
though it is far less useful. For preparation by the other 
methods, tissues most have hem soaked in alcohol, and then 
removed into the turpentine, &e. 

For the examination of inserts, by polarized light, two 
preliminaries are necessary. Firstly, that they be made 
transparent or translucent by prolonged soaking in one of 
the above-named media, preferably in turpentine or the 
essential oils, or benzole. Secondly, that as in (lnostr) 
many of them their chitinons case is too deeply coloured for 
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any amount of soakim? to render them. suflleicaLly trans- 
parent, some bleao'iiin«; i.h-ocpss should be premised. A for- 
mula for such a process may lie found iu another part of 
this work, where the preparation of the antenuae of insects 
is described. If that should not prove successful, some 
modification will osmily occur to the student. Of course it 
is not all insects that can be treated in this way, tho size 
and deep colour of very many quite preventing a good 
result; but when they have been successfully prepared by 
any of the methods of which we have spoken, it is then 
possible to discriminate their internal orpins by the differ- 
ences of colour which they present. The ase of the binocular 
microscope, and of objectives of low angular aperture, will 
also mueh facilitate tills mode of o';ao;iiiat,i;)n, by increasing 
the depth of focus, and enabling the organs to be seen more 
or less in connection with each ether, even if they be super- 
posed. It is also possible to examine tho muscles of the 
limbs and bodies of in sods, so as to decide upon their forma- 
tion, origin, and insertion, and probable mode of action; and 
this is only ono of many such uses. What a mistake must 
it be, then, to prepare insects for mounting by boiling in 
liquor potassse, and so dissolving out their viscera, and 
squeezing them flat I 

In the case of living Insects, especially those of the more 
transparent salt and fresh water species, the results of their 
examination by polarized light are exquisitely beautiful and 
interesting, because their organs and circulation may be 
more clearly discriminated while in motion. 

10th Division. 

Electricity has been employed in histology partly for its 
electrolytic effects, but chiefly as a means of producing 
certain variations of temperature in objects under examina- 
tion. Strieker says " that the tissues become altered by it 
as they would be neve they subjected to the action of weak 
acids or alkaliaa," and he describes a rather complicated 
apparatus for this purpose, of which it is impossible to give 
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an account here; hut the: n.Ti1,]:ui- believes that most, if not 
all, of the same effects may be produced by the employment 
either of a thick piate of metal placed upon the .stage, or of 
n thin water-bath, which may be heated by a spirit or gas 
fiame, after the glass slide shall ha.i r e been placed on it. 
They should both bo properly fitted with thermometers. 

Of the decomposition of salts by electricity, and their re- 
duction to the metallic state, it is not necessary to speak 
here, but such effects are very beautiful, and the resulting 
erj stali/.atiue iiiii.y easily be watched. 

Dr. Beale spent a very favourably of flic inverted micro- 
scope devised by Dr. Lawrence Smith, U.S.A., by which 
objects may be viewed from their under instead of from their 
upper surface, and at the same time heated (or re-agente 
applied to them) without, any ri.sli of dimming or injuring 
the object-glass by vapours thus raised. The optical part 
is bo fitted to the ba.se that it may be drawn away from be- 
neath the stage (to make room for the application of the 
lamp, or) for the sake of changing the powers. 

11th Division, 

It is evident that in al! these: plans a ti amount of evapo- 
ration is constantly H'oinjt mi, wbii-h will eventually dry and 
so spoil the object, unless obviated. I'roy, therefore, describes 
a "moist chamber" invented by K.cld-.nghausen for this 
purpose. It consists of a glass ring, more or less high, 
which has been cemented by its edge to it broad glass slide. 
A tube of thin rubber is then lirnily fastened about the ring. 
The upper end of this tube is also fastened around the tubo 
of the microscope. In order to beep the piece thus enclosed 
saturated with moisture, some small pads of wetted bibulous 
paper, or pieces of elder pith also saturated with fluid, are to 
be enclosed with the object, which in this case need not he 
covered with thin glass in the usual manner. It Is con- 
oeivablo also that this apparatus may easily be converted 
into a gas chamber, by fixing two small, light vulcanized 
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tubes into that which emliracos tliii fvhiss ring and the end 
of the microscope: tube- -one for th» enlvurioe, the other for 
tbe exit of the gas. This is a simpler and loss costly plan 
than that devised by Strieker. Frey observes that it is 
most advantageous to use imm^-i'.Hum lunses and the moist 
chamber with the hot stage. 
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Jjii.fORE entering into t 
for the Microscope, th- 
necessity of cleanliness 
1:b;i(, instrument, in no lii'iine 
in the preparation of objects; 
he eonsideied perfectly clean v 
way is seen to be far ot.lienvis 
diijJs of diameters; those cos 
piuticlus of dust, are everywl 
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eat of the setting of Objects 
Dt must he convinced of the 
ry tiling relating to the use of 



folly lea 



iid d?.OMti~ 



wliLSK siidc, which on 
great advantage over 

re almost always nia.de 
f one broad, generally 

: all danger of 



An object which is to be viewed 
must, of coarse, be supported in i 
usually done by placing it upon a 
account of its transparency has a 
other substances. These " slides " b 
of one size, yiz., three inches long b 
having the edges ground so as to 

scratching or cutting any object with which they may come 
in contact. The g!;i.~s must be wry ffood, else the surface 
will always present the appearance »(' unclean I mess and dost. 
This dusty look is very common amongst the cheaper kinds 
of slides, because they ;ira u-mally made of " Bheet " glass ; 
but is seldom found in those of the quality known amongst 
dealers by the name of " patent plate."' This latter is more 
expensive at first, but in the end there is little difference in 
the cost, as so many of the cheaper si id us cannot bo used 
for delicate work if tho mounted object is to be seen in per- 
fection. These slides vv.ry considerably in thickness; care 
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should, therefore, be taken to sort them, so that 


. the more 


delicate objects with which the higher powers 


are to be 


nsed may be mounted upon the thinnest, as the 


light em- 


ployed in the illumination is then leas interfered 


with. To 


aid the microscopist in this work, a metal circle it 


■ ay be pro- 


cured, having a number of different sized openii 


igt on the 


outer edge, by which glass slides can be mcasur 


ed. These 


openings are numbered, and the slides may be 


salivate J 


according to these numbers; so that when moi 


mtiiig any 


object there will be no need of a long search for 


that glass 


which is best suited to it. 




When freah from the dealer's hands, these 


slides are 


generally covered wil.li dust, .v.:-., which may be r 




well washing in clean rain-water;' but if the i 


mpurity is 


obstinate, a little washing soda may be added, 


cave huing 


taken, however, that every trace of this is reraov 


ed by sub- 


sequent waters, otherwise, crystals will afterwards 


form upon 


the surface. Sometimes, however, a certain gr 




very obstinate upon the glass. It is then neces 


!ary to use 


a little liquor potasseo with a small pieco of lini 


m, rubbing 



slide with s 

remove all remains. A clean linen cloth should be used to 
dry the slides, after which they may be laid by for use. 
Immediately, however, before being used for the reception of 
objects by any of the following pvoces.se*, ail dust must be 
removed by rubbing the surface with clean wash-leather or 
a piece of cambric, and, if wy>J.jnl, breathing upon it, and 
then using the leather or cambric until perfectly dry. Any 
small particles left upon the surface may generally be 
removed by blowing gently upon it, taking cave to allow no 
damp to remain. A very efficient lvmedy, also, is a misture 
of equal parts of sulphuric ether and alcohol, with which 
the glass must be rubbed by the aid of a tuft of clean 
cotton-wool until no stain appears after breathing upon it. 
A strong infusion of nntgalls may be ased in the samo way, 
and is preferred by many to all other applications ; or, a 
mixture of equal parts of alcohol, benzole, and liquor aodss 
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may be employed, wliicli thoroughly and speedily cleanses 

glass t'rotn all truces fit' grease or balsam. 

Wt have before ?ai:l t.iiat. any object to be viewed in the 
microscope must haye its .mpport; but if this object is to 
be preserved, cave must be taken that it is defended fvotn 
dust and other impurities. For this purpose it is necessary 
to use some transparent cover, the most usual at one time 
being a plate of mien, on account of its thinness; this sub- 
stance is cow, however, never ai>c.il, thin «la.sa being substi- 
tuted, which answers adn-.ir;ibly. Sometimes it is required 
to " talce v/p " as little space- as pessible. owing to the short- 
ness of locus of the object -passes. It can be procured of 
any thickness, from one-iittieth to one- two -hundred- and- 
fiftieth of an inch. On account of its want of Btrength, and 
probable defect of duo anm-iding, it is difficult to cut, as it 
is very liable to "j'-j"' from the y.-oiufc of the diamond. To 
overcome this tendency as much as possible, it must be laid 
upon a thicker piece, previously made wet with water, which 
canses the thin glass to adhere more firmly, and conse- 
quently to bear the pressure required in cutting the covers. 
The process of on! ting being so diih\;:ui:-, especially with the 
thinner hinds, little ev nothing is gained by cutting those 
which can be got i'rnm the: dealers, a-: the loss and breakage 
is necessarily greater in tlie lianas of an amateur. It is 
convenient, however, to have on hand a few larger pieces, 
from which unusual sizes may be cut when required. 

If the pieces required are ',-i<i-.Li.!,.[pda:\ no other apparatus 
will be required save a diamond and a flat rule; but if 
circles are wanted, a machine for that, purpose should be 
used (of which no description is necessary here). There are, 
however, other contrivances which answer tolerably well. 
One method is, to cut out from a tliick piece of cardboard a 
circle rather larger than the size wanted. Dr. Carpenter 
recommends metal rings with a piece of wire sold fired on 
either side; and this, perhaps, is the best, as cardboard is 
apt to become rough at the edge when much used. A friend 
of mine uses thin brass plates with circles of various sines 
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" turned" through them, and a small raised handle placed 
at one end. The diamond must be passed round the inner 

ed,;e. Hud so miir. a;; i:d as to meet again in the same line, in 
order that the circle may be true, after which it may he 
read : ly disengaged. The sizes usually kept in stock by the 
dealers are one-half, five-eighths, and three- quartern inch 
diameter ; but other sinus may he hud to order. 

l\,r the irformation of the beginner it may be mentioned 
l-.ev.' that the price of the circles is a, little more than that 
of the squares; but this is modified in some degree by the 
circles being rather lighter. If appearance, however, is 
eared for at all, the circles look much neater upon the slides 
when not covered with the ornamental papers ; but if these 
last are used (as will shortly be described) the squares are 
equally serviceable. 

As before mentioned, the thin glass is made of various 
thicknesses, and the beginner will wish to know which to 
use. For objects requiring no higher power than the One- 
inch object-glass, the thicker kinds serve well enough ; for 
the half-inch the medium thickness will be required; while, 
for higher powers, the thinnest covers must be used. The 
" test-objects " for the highest powers require to he brought 
. so near to the object-glass that they admit of the very 
thinnest covering only, and are usually mounted betwixt 
glasses which a beginner would not be able to use without 
frequent breakage ; but if these injects were monntt d with 
the common covers, they would he really worthless with the 
powers which tin.'y require to show them satisfactorily. 

It may he desirable to know how such small differences 
as those bet wist the various thin glass covers can be 
measured. For this purpose there are two or three sorts of 
apparatus, all, however, depending upon the same principle, 
The description of one, therefore, will be su J ticient. Upon a 
small stand is a short metal lever (as it may be termed) 
which returns by a spring to one certain position, where it 
is in contact with a. iked piece of metal. At the other end 
this lever is connected with a " linger," which moves round 
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of the Journal of the Qunketi Microscopical Club. 

Cleanliness with thin glass is, perhaps, more necessary 
than with the sides, espe^iully when covering objects which 
are to be used with a high power; but it is far more difficult 
to attain, on account of the liability to breakage. The 
usual method of cleaning these covers is as follows : — Two 
discs of wood, about two inches in diameter, are procured, 
one side of each being peH'ud.ly ll.it imd covered with cleau 
wash-leather. To the other side of these a, small knob is 
firmly fixed as a handle, or where practicable, the whole 
may be made out of a solid piece. Ia cleaning thin glass, 
it should be placed betwixt the covered sides of the discs, 
and may then be safely rubbed with a suffieient pressure, 
and so cleaned on both sides by the leather. If, however, 
the glass be greasy, as is sometimes the case, it must be 
first washed with a strong s..iln;ii.:n of potash, infusion of 
nutgalls, or any of the commonly used grease-removing 
liquids; and with s^;<e impurities water, with the addition 
of a few drops of strong acid, will be found very useful, but 
this last ia not often required. 

This method of cleaning Chin glass should always be used 
by beginners; hut after souk; experience the hand becomes 
so sensitive that the above apparatus i.s often dispeused 
with, and the glasses, however thin, may be safely cleaned 
betwixt the fingers and thumb with a cambric, handkerchief, 
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having first slightly damped (.lie ends of the fingers employed 
to obtain firm hold. When the dirt is very obstinate, 
breathing upon the glass greatly facili' at.es its removal, and 
the sense of touch becomes so delicate that the breakage is 
inconsiderable; but this method cannot be recommended to 
novices, as nothing but, time spent in delicate manipulation 
can give the sensitiveness required. 

It has been before mentioned that ordinary glass sides are 
sometimes worthless, i-spcriai-'ij for fvr. /ihj--.i:ta, from having 
a rough surface, which presents a dnsty appearance under 
the microscope. This imperfection, exists in some thin gins* 
also, and is irremediable ; so that it is useless to attempt to 
cleanse it ; nevertheles s, ca.ro should be taken not to mistake 
dirt for this roughness, lest iieod gliiss be laid aside for a 
limit which does not really belong to it. 

When any object which it is desired to mount is of con- 
siderable thickness, or will not be:ir pressure, it is evident 
that a wall must be raised around it to support the thin 
g'ass — this is usually termed a "cell." There are various 
descriptions of 'hose, according to the class of objects they 
Eire required to protect ; and here may be given a description 
of those which are most generally vised in mounting " dry " 
objects, leaving those required for the preservation of liquids 
nntil we come to the consideration of i.hiit mode of mounting. 
Many have used the fid lowing slides. Two pieces of hard 
wood of the usual size (3 in. by 1 in.), not exceeding one- 
sixteenth of an inch in thickness, are taken, and a hole is 
then drilled in the middle of one of these of the size required. 
The two pieces are then united by glue or other cement, 
ami lul't under pressure until thorougli'y dry, when the cell 
is fit for use. Others substitute cardboard for the lower 
piece of wood, which is less tedious, and is strong enough 
for every purposo. This class of " cell " is, of course, fitted 
for opaque objects only where no light is required from 
below ; and as almost all such are better seen when on a dark 
background, it is usual to lis a small piece of black paper 
at the bottom of the cell upon which to place them. For 
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:h all such paper has 
'om the merit of thia 
a small piece of thin 
varnish, and placed tlio 
side; but a solution of 
e best .Egyptian asphalt in benzole of moderate thick- 
ness may be painted on with this further advantage, 
that in mounting such opaque objects as foraminifera, &c., 
it will be sufficient to arrange them in the positions they 
are to occupy, when by slightly warming the slide they 
will adhere to the asphalt. 

Another method of m aling these cells is as follows :— 
Two punches, similar to ihoso used for cutting gun-wads, 
ore procured, oF such simis that:- with the smaller may be Cut 
out the centre of tin* huger, having a ring whoso side is not 
lees than an one-eighth of jj.h inch wide. These rings may 
be readily made, tin: only Jillieulty beir.g to keep the sides 
parallel ; but a little care will make this easy enough. For 
this purpose close-grained cardboard niiiy be conveniently 
used. It mnBt have a well-gla/.ed surface, else the varnish 
or" cement used in affixing the thin gins- cover sinks into the 
substance, and the adiierenee is very imperfect. When this 
takes place it is ea.sily remedied by b ensiling over the sur- 
face of the cardboard a strong solution of gum or isin- 
glass; and this application, perlm.ps, closes also the pores 
of the card, and so serves a double purpose. But, of 
course, the gum must be j '■■,;, ■'■.■. ■■;■'■',' dried before the ring is 

For cardboard, sat tta- pore ha lias been substituted, but 
cannot be recommended, as it always beeome brittle after 
a certain time, never adlietcs to the glass with the required 
firmness, and its shiipe is nit fired when worked with even a 
little heat. Leather is often used, and is very convenient ; 
it should be chosen, however, of a close texture, and free 
from oil, grease, and all those substances which are laid 
upon it by the dressers. 

Rings of cardboard, its., hare been rejected by persons of 
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great experience, because they are of each a nature that 
dampness can penetrate them. This fault can bo almost, if 
not totally, removed by immersing them in some strong 
varnish, such as the asp'ia.lt varnish hereinafter mentioned; 
but they must be left long enough when affixed to the glass 
slide to become pey/octl// dry, and tbis will require a much 
longer time than at iirsi, would be supposed. 

There has, however, been lately brought out what is 
termed the ivory cell. This is n ling of ivory-like substance, 
which may be easily and firmly fixed to the glass slide by 
any of the commonly used eemente, and so forms a beautiful 
cell for any dry objects. They aro made of different sizes, 
and are not expensive. Flat villus of brass turned down to the 
sizes of the circular discs of covering glass and of varying 
thickness are very neat and useful for mounting opaque 
objects : they can also be obtained in tin and zinc. 

Some of our best microscopic men have stated that they 
have been frequently disappointed by an accumulation of 
encrusted matter upon the inner surface of thin glass used 
to cover the cell enclosing any dry objecf, n.ud therefore use 
a shallow pillbox, made expressly for this purpose, which 
must be strongly cemented to the slide. For examination 
the lid must be removed, whilst it must be closed to protect 
the object from dust when laid aside. Another worker of 
experience recommends a, cell in a mahogany slide, over 
which, by aid of a stud as on a pivot, a bone disk can be 
turned: this is termed, "Piper's Revolving Cover Slide," 
and can be pro en roil at i.lie opticians'. 

Sometimes slides are used which are made by taking a 
thin slip of wood of the usual ske (3 in. by 1 in.), in the 
centre of which is cut a circular hole large enough to 
receive the object. A piece of thin glass is fixed underneath 
the slide forming a cell for the object, which may then be 
covered and finished like an ordinary slide. This has the 
advantage of serving for transparent objects for which the 
before-mentioned wooden slides arc unsuitable. A slight 
modification of this plan is often used where the thickness 
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of tile objects is ir. coj isul ci-;i \; '*■ . e-pe;'ially with, some of the 
DiatomaceiB, often termed " test- objects." The wooden 
elide is cut with the central opening as above, and two 
pieces of thin glass are laid upon it, betwixt which the 
diatoms or other olijc-c-t.-s; arc phrasd, ami kept in their proper 
position by a paper cover. This arrangement is a good 
one, insomuch as the very small portion of glass through 
which the light passes on its way to the microscope from 
the reSector causes the- refraction or interference to be 
reduced to tin; lowest point. 

A novice would naturally think the appearance of some 
of the slides above mentioned very slovenly and unfinished ; 
but they are often covered with ornamental papers, which 
may be procured at almost every optician's, at a cost 
little more than nominal, and of innumerable patterns and 
colours. How to use these will he described in another 

pi-.. 

It, is very probable that a beginner would ask his friend 
what kind of slides Ins would advice Irivi to use. Almost 
all those made of wood arc liable to warp more or less, oven 
when the two pieces are separate or of ililTerent kinds; those 
of cardboard and wood are generally free from this fault, 
yet the slides, being- opaque, prevent thfi employment of 
the Lieberkuhn. To some extent glass sides, when covered 
with ornamental papers, are liable to the same objection, 
as the light is partly hindered. And sometimes dampness 
from the pa.ste, or other substance nKcd to affix the papers, 
penetrates to the object, and so spoils it, though this may 
be rendered less frequent by first a-.taehing the thin glass to 
the slide by some harder cement. Much time, however, 
is taken up by the labour of covering the slides, which is a 
matter of consideration witn some. Certainly the cost of 
the glass slides was formerly great; but now they are 
reasonable enough in this respect, so that this objection is 
removed. It is, therefore, well to use glass slides, except 
where the thin glasses are employed for tests, &c, as above. 
When the thin gins? circles are placed upon the slides, and 
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the edge is varnished with black or coloured rings, the 
appearance of finish is perfect. The trouble is much lees 
than with most of the other methods, and the illumination 
of the objoivt very s.'.i-ht'v impaired. 

To varnish the edges of these covers, make circles of any 
liquid upon the glass slide, and perform any other circular 
work mentioned hereafter, the little instrument known as 
" Shadbolt's turntable " is almost indispensable. It ia made 
as follows:— At one end of a small piece of hard wood is 
fixed an iron pivot about; one-eighth inch thick, projecting 
half an inch from the wood, which serves as a centre upon 
which a round brass table three inches in diameter revolves. 
On the surface of this are two springs, about one and a half- 
inch apart, under whleh the slide is forced and so kept in 
position, whilst the central part is left open to be worked 
upon. The centre is marked, and two circles half an inch 
and one inch in diameter are usually deeply engraved upon 
the table to serve as guides in placing the slide, that the 
ring may be drawn in the right position. When the slide 
is placed upon the table underneath (lie springs, a camel- 
hair pencil is filled with the varnish, or other medium used, 
and applied to the surface of the glass; the table ia then 
made to revolve, and a circle is consequently produced, the 
diameter of which it is easy to regulate. Mr. Eislop places 
(wo equidistant pins at opposite side 1 - of tho centre of 
the revolving plate, against which the opposing edges oi 
the slip are made to hear, so that the instrument is self- 
centering. The spring! a.:-'.: turned in contrary directions and. 
are screwed on tho pins, or the screws are made into the 
pins against which the sides of the slide bear. 

The form of this "turntable " has been modified by many 
manipulators to suit their several wants. Almost all slides 
used are of nearly the same she— 3 in. by 1 in. ; and therefore 
the centres of all are equidistant from the edge. On this 
account one of my friends has a thin brass bar screwed upon 
the side of his turntable in such a position that the centres 
of the slides and table always coincide. The rings of varnish 
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upon tlio slides and thin glass upon the cell are thnfl kept 
uniform. Dr. Matthews, a sjentlcrnan of no little experience, 
has given us an improvement as fellows :— Tttlio two "jaws" 
of the average thickness of a glass slide, -f inch wide, 2J 
long. Bach of those is pivoted on the face of the turntable 
by a screw through its centre, each screw being placed 
exactly equidistant 1 ':-.-.; i s the centre of the turntable, so that 
the jaws are separated by a space as wide as an average 
slide; i.e. a full inch. Outside of that .-pace, on one side of 
the centre of one of the jaws, is a wedge used by a screw in 
such a way as to be capable of motion in the direction of 
its length by a slotted hole. This is all the machinery. 
AB and CD are the two jaws, 11 is the wedge. On placing 
a slip between the jaws they probabiy at first do not tonch 
it. If the wedge be then pushed so as to approximate B to 
'■'.), the jaws move on their ocntres, so thai, however far B 
may be pushed tow mils (and moving) (.', the other end of 
— i.e. D— is moved ■:v«i. , , ; ■''.■; as j'lueh in the opposite direc- 
tion until they approach near enough to grasp the slide by 
its edges. The length of the wedge must of course, be such 
as to provide for about I inch variation in the width, of 
slides. It will readily be seen that the slip may be pushed 
in either direction e^eeutvically lengthwise, so as to allow of 
the formation of any number of cells, all of which must 
needs be central as regards their width, if the instrument 
has been accurately made, which is a very easy matter. I 
have added also a rest for the hand, 1', which may be turned 
aside on a centre at will, and which I have, found to be a 
great convenience. 
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Mr. Spencer slightly modifies the above, using wood 
i and wedge, which the following engraving will best 




Miiny objects for the jnii-iv.scnpc: "jay be seriously injured 
by allowing the fingers to t.aeli them — many more are so 
minute that they cannot bo removed in this way at all, and 
often it is necessary to tahe. from a mass of small grains, as 
in sand, some particular particle. To accomplish this, there 
are two or three contrivances recommended : one by means 
of split bristles, many of which will readily bo found in 
any shaving- brush when it has been well used. The bristles 
when pressed upon any hard surface, open, and when, the 
pressure is removed chue a^a.in v/iih a spring; but the use 
of these is limited. Cam e I- 1'. air pencil are of great service 
for this, and many other purposes, to the mieroscopiat, 
In very fine worl; tliey are -onetimes mruirtil so small that 
all the hairs, with the exception of one or two finer pointed 
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ones, are removed. A few of various sizes should always bo 


kept on hand. 




Equally necessary are fine -pointed, needles. The 


•y are 


vcrv readily put up for use by thrusting the eye en 


d into 


a common penholder, so as to be firm. The points n 


.■7 bo 


readily renewed, when injured, on a common whetstone ; 


and when out of use they may be protected by being 


thrust 






la laying out animal tissues that have been stair 


ted by 


ritrate of silver or chloride of gold, it is advisable to e 


mploy 


i small rod of glass drawn out to a point, as the ue 


eof a 


metallic point causes a deposit of gold or silver at tin 


i place 


of contact, which disfigure* the preparation. 




Knives of various kinds are required in some br; 


inches 


of microscopic work; but these will be described 


where 


lisseotion, &c, is treated at some length, as also i 




forms of scissors. In the most simple objects, ho 




scissors of the usual kind are necessary. T™o or 


three 


ikes should always be kept at hand, sharp and ir 


. good 


order. 




A set of glass tubes, kopt in a case of some I 


ort to 


prevent breakage, should form part of our fitting 


s, and 


be always cleaned immediately after use. Thel 




generally from sis to ten inches long, and from one- 


eighth 



to a quarter of an inch in diameter. One of these should 
be straight and equal in width at both ends ; one should be 
drawn out gradually to a line point; another should be 
pointed as the ln.st, but slightly curved at the compressed 
end, in order to roach points otherwise unattainable. It is 
well to have these tubes of various widths at the points, as 
in some waters the finer would be inevitably stopped. For 
other purposes the fine ones arc very useful, especially in 
the transfer of preservative liquids which will come under 
notice in another chapter. 

Forceps are required in a-Imost nil microscopic manipu- 
lations, and consequently arc scarcely ever omitted from the 
microscopic bos, oven the most meagrely furnished ; but of 
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these there are various modifications, which for certain 
purposes are more convenient than the usual form. The 
ordinary metal ones are employed for taking up small 
objects, thin glass, &c. ; but when, slides are to he held over 
a lamp, or in any position where the lingers cannot con- 
veniently be used, a different instrument must be found. 
Of these there are many kinds; but Mr. Page's wooden 
forceps servo the purpose very well. Two pieces of elastic 
wood are strongly bound together at one e(id,= so that they 
may bo easily upenod at the other, cloning again' by'thelr 
own elasticity. Through the first of these pieces is loosely 
passed a brass stud, reHcmblin,;- a small sore.v, and fastened 
in the second, and through the second a similar stud is 
taken and used in the first- so that on pressure of the studs 
the two strips of wood rue opened to admit a slide or other, 
object required to be held in position. Toe wood strips are 
generally used three or four inches long, one inch wide, and 
about one-eighth inch thick. 

Again, some objects when placed upon Hie glass slide arc 
of such an elastic nature that no cement will securo tho 
thin glass covering until it becomes hard. This difficulty 
may be overcome by various methods. The following are 
as good and simple as any. Take two pieces of wood about 
two inches long, three-quarters wide, and one-quarter thick; 
and a small rounded piece one inch long, and one-quarter in 
diameter; place this latter botwixt, the two larger pieces. 
Over one end of the two combined piss an india-rubber 
band. This will give a continual pressure, and may be 
opened by bringing the two pieces together at the other 
end; tho pressure may be readily made uniform by paring 
the points at the inner sides, and may be regulated by tho 
strength of the india-rubber band. These hands may be 
made cheaply, and of any power, by procuring a piece of 
india-rubber tubing of the width required, and cutting off 
certain breadths. Another very simple method of getting 
this pressure is mentioned in the "Mierographlc Dictionary." 
Two pieces of whalebone of tho length required arc tied 
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together firmly at eaob. end. It is evident that any object 
placed betwixt them will bo subject to continual pressure, 
The power of this may bo rdjuhiiod by the tliickness and 
length of the whalebone. This simple contrivance ia very 
useful. 

Almost every scientific man, however, lias his own model, 
and it may be as well to oniimimj one or two of them. Mr. 
floods uses the following: A, a piece of wood 8 in. long 
and | in. thick. B, a spring made with thin iron wire. 
The end of the spriiifl' is i;rivon into the table, as at C. A 
piece of i-in. iron wire is then run through the springs, which 
forms an axis to work upon, and also keeps them in their 
places. He inserts a pin at the side of the spring, so that 
it will fall on a given spot, and not rub the cover from side 
to side. The springs l.i\i niadu by binding the thin wire 
round tiie 4-iii. cod tibuat lour or five times. 
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Mr. J. B. Spencer's model is made thus: — Ifc is formed 
of thin sheet steel (obtain a ill* at any instrument maker's), and 
out out in one piece, of the form above, with a stout pair of 
scissors, and then beet the required shape with a pair of 
pliers. When used, the fore anil middle fingers are applied 
on the under side, and the thumb on the spring. If great 
pretisnre is required, two dips may bo used,— one at each 
end of the slide, — and for any delicate v.-ork the width of 
the steel can be reduced. 




The American wooden spring clips rirr: occasionally very 
useful, and wire clip; of tho Ibid downed by Dr. Carpenter 
are now commonly sold and are in dispensable. 

Common watch-glasses should always be kept at hand. 
They arc certainly the cheapest, and their transparency 
makes them very convenient reservoirs in which objects may 
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be steeped in any liquid; and the use of them saves much 
trouble in exam in hi u; cursorily under the microscope, wlietlier 
the air.bubbles are expelled from insert?, its. &c. They are 
readily cleaned, acid nerve very wed us covers, when turned 
upside down, to pi'oteet objects from dust. For this latter 
purpose Dr. Carpenter reeomuiimds the use of a number of 
bell-glasses, especially when one object most be left for a 
time (which often happens) in order that another may be 
proceeded with. Wine-glasses, when the legs are broken, 
may thus be rendered very useful. 

As heat is necessary in mounting many obejects, a lamp 
will be required. Where gas is use:], the small lamp known 
as "B onsen's" is (.lie most convenient and inexpensive. It 
gives great heat, is free from smoke, and is readily affixed 
to the common gas-burner by a few feet of india-rubber 
tubing.' The lijlil from these lamps is small, but this is 
little or no drawback to their use. Where gas is not avail- 
able, the common spirit-lamps may b^ use;!, as they are very 
clean and answer every purpose. 

In applying the required neat to the slides, covers, &c, it 
is necessary in a,0 cases to ensure uniformity, otherwise 
there is danger of the glass being broken. 1'or this purpose 
a brass plate at least, three inches wide, somewhat longer, 
and one-eighth of an inch thick must be procured. It 
should then bo affixed to a, stand, so that, it may be, readily 
moved higher or lower, in order tVm.t. the distance from the 
lamp may be changed at will, and thus the degree of heat 
more easily regulated. This has also the advantage of 
enabling the operator to allow his slides, &c, to cool more 
gradually, which, in some eases, is absolutely necessary,- — ■ 
as in fusing some of the salts, &c. 

In order to get rid of air-bubbles, which are frequently 

disugreea.ble enemies to the mounter of e' joe's, an air-pump 
is often very useful. 'Ibis is made by covering a circular 
plate of metal with a bell-glass, both of which are ground so 
finely at the edges that greasing the place of contact renders 
it air-tight. The pump is then joined to the metal plate 
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underneath, and worked with a small handle like a common 
syringe. By turning a Email milled head the air may be 
allowed to re-enter when it is required to remove the bell- 
glass and examine or perform any operation upon the object. 
The mode of using this iristniment will be described here- 
after, but it may be here stated that substitutes have been 
devised for this useful apparatus; but as it is now to be 
obtained at a low cost, it is hardly worth while to consider 
them. Much, time is, in many instances, certainly saved by 
its use, as a very long immersion in the liquids would be 
required to espel the bubbles, where the air-pump would 
remove them in an hour. 

The next thing to be considered is what may be termed 
Cements, some of whioh are necessary in every method of 
mounting objects for the microscope. Of these will be given 
the composition where it is probable the young student can 
use it; but many of them are so universally kept as to bo 
obtainable almost, anywhere; and when small quantities 
only are required, economy ;a;liers move from home manu- 
facture than from paying the mater's profit. 

Amongst these, Canada Balsam may, perhaps, be termed 
the most necessary, as it is generally used for the preserva- 
tion of many transparent object?. It is a thick liquid resin 
of a light amber-colour, which on exposure to the atmosphere 
becomes dry and hard even to brittleness. J or this reason 
it is seldom used as a cement alone where the surface of 
contact is small, as it would be apt: to be displaced by any 
sudden shod;,- especially when old. In the ordinary method 
of using, however.it serves the doubls purpose of preserving 
the object and fixing the thin glass cover ; whilst the com- 
paratively large spaee upon winch it bes lessens the risk of 
displacement. By keeping, this subs! ii nee becomes thicker; 
but a very little warmth will reu.ler it liquid enough to use, 
even when to some extent this chinige has taken place. 
When heated, however, for some time and allowed to cool.it 
becomes hardened to any degree, which may be readily 
regulated by tile length of time it has been exposed, and 
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the amount of heat to which it has been i 
account of this property it is often used with chloroform : 
the balsam is exposed to heat nuni, on cooling, it assumes 
a glassy appearance. This will he most readily done by 
baking it in what we should call a " cool oven." The time 
required will most likely be 20 or 30 hours. Care must be 
taken that the heat is not too great, else the balsam will be 
discoloured. It must then be dissolved in pure chloroform 
or benzole (the latter is preferable) until it becomes of the 
consistence of thick varnish. This liquid is very convenient 
in some oases, sib air-bubbles are much more easily dispelled 
than when undiluted Canada balsam is vised. It also dries 
readily, as the chloroform evaporates very quickly, for which 
reason it must be preserved in a closely -stoppered bottle. 
It has been said that this mixture becomes cloudy with lontf 
keeping, but I have not found it so in any casus where I 
have used it. Cloudiness is most frequently, if not always, 
caused by dampness in the object, as mentioned in Chapter 
IV. Should it. however, become so, a little heat will gene- 
rally dispel the opacity. The ordinary balsam, if exposed 
much to the air whilst being used, becomes thicker, as lias 
been already stated. It may be reduced to the required 
consistency with conminn turpentine ; but I have often found 
this in some degree injurious to ihe transparency of the 
balsam, and thn amaljjii.aiaSia:] of the two by no means 
perfect. (See also Chapter IV.) Its cheapness renders it 
no extravagance to use it always undiluted ; and when pre- 
served in a bottle wii.h a hollow cover Jitung tightly around 
the neck, both surfaces Ijcinl; finely ground, it remains lit 
for use much longer than in the ordinary jar. Canada bal- 
sam may now be procured in collapsible tin tubes, like those 
used by artists ; and its manipulation is l.h us rendered much 
more easy, cleanly, and convenient, as well as economical. 
Chloroform is, however, frequently used for dilution, and is 
perhaps the safes! solvent we can employ, 

Damji.vb, Yakhisi:.-- Some complain that this varnish is 
not easily procurable in a pure transparent state. It is 
often used by our American friends in mounting diatoms 
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and other fine work. It ia very liquid, and is thought by 
some to be more easily worked than Canada balsam. 
Dammar may be easily dissolved in benzole to any extent. 
The lumps should previously bo sera.ped until they are freed 
from dust and other impurities, and then roughly crushed. 

AsPHALTuifv — This substance is dissolved in linseed oil, 
turpentine, or naphtha, and is often termed " Brunswick 
black," It is easily worked, but ia not generally deemed a 
trustworthy cement, as after a time it is readily loosened 
from its ground. It is, however, very useful for some pur- 
poses (such as " finishing " the slides), as it dries quickly. 
I shall, however, mention a modification of this cement a 
little farther on. 

Marine Glue.-— Ho cement is more useful or trustworthy 
for certain purposes than this. It ia made in various pro- 
portions ; but one really good mixture is — equal parts of 
india-rubber and gum shellac: these are dissolved in mineral 
naphtha with heat. It is, however, much better to get it 
from the opticians or others who keep it. It requires heat 
in the application, as will be explained in Chapter V. ; but 
is soluble in few, if any of the liquids used by the micro scopist, 
and for that reason is serviceable in the manufacture of 
cells, &c. Where two pieces of glass are to he firmly 
cemented together, it is almost always employed; and in all 
glass troughs, plat.es with ledges, &c, the beginner may find 
examples of its use. 

Gold Size. — This substance may always be procured at 
any colourman's shop. The process of its preparation is 
long and tedious. It is therefore not necessary to describe 
it here. Dr. Carpenter says that it is very durable, and 
may be used with almost any preservative liquids, as it is 
acted upon by very few of them, turpentine being its only 
true solvent. If too thin, it may bo exposed for awhile to 
the open air, which by evaporation gradually thickens it. 
Care must be taken, however, not to render it too thick, as 
it will then be useless. A saaill quantity should be kept on 
hand, as it is much more adhesive when old. 

Gum Dammar. Cemekt. — An excellent cement may be 
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made, by dissolving gum dammar iu V.on/ole, and adding 
about one-third of gold size: it dries very readily, and is 
especially useful when mounting objects in iluid, taking care 
that no moisture exlciiids beyond the covering glass, which 
would prevent the complete adhesion of the cement. In 
those cases where glycerine is employed as the mounting 
medium, a ring ci' lirjuid glue put round the cover first, and 
when that is dry, a second coat of gum dammar will keep 
the cover very secure, and no leakage take place. 

Liquid Glue is another of those cemi.ni!*, which is made 
by dissolving gum shellac, in mi.phtha in w^lcIi quantity that 
it may he of the required consistency. This cement appears 
to me almost worthless in ordinary work, as its adherence 
can never be relied ripen ; but it is so often used and recom- 
mended that an enumeration of cements might be deemed 
incomplete without it. Even when employed simply for 
varnishing the outside of the glass covers, for appearance's 
sake alone, it invariahly chips. Where, however, oil is used 
as a preservative liquid, it serves very well to attach the 
thin glass ; but when this is awjomp'inhtd, another varnish 
less liable to chip must always be laid upon it. (See 
Chapter V.) Yet it makes excellent colls. 

Black Japan. — This is prepared from oil of turpentine, 
linseed oil, amber, gum amine, and asphalt. It ia trouble- 
some to ma.ke, and Therefore it is much bettor to procure it 
at the shops. It is a really good cement, and serves very 
woll to make shallow cells for liquids, as will be described in 
Chapter IT. The finished ceil should ba exposed for a 
short time to the heat, of what is nsnally- termed a "cool 
oven." This renders it very durable, and many vevy careful 
manipulators use it for their preparations. 

Electrical Cement.-— This will be found very good for 
some purposes hereinafter described. To make it, melt 

5 parts of resin. 

1 „ red ochre. 
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It must be nsed whilst hot, and as long as it retains even 
slight warm tli can be readily ir.oulded into any form. It is 
often employed in making shallow cells for liquids, as before 
mentioned. 

Gum-Water is an article wlilij.li nobody should ever be 
wii.hiv.it. ; but labels, or indeed any substance, al'lved to 
glass with common gum, are so liable to leave it spon- 
taneously, especially when kept very dry, that I have lately 

added five or sis drops of glycerine to an ounce of the gum 
solution. This addition has rendered it very trustworthy 
oven on. glass, and now I never use it without. Ten grains 
of moist sugar to each <>u.i:.eo of gum solution will also 
answer equally well. This solution cannot be kept long 
without undergoing .f..'rii:::!itatirjn, to prevent which the 
addition of a small quantity of any esse-ilral oil (as oil of 
cloves, &o.), or one-fourth of its volume of alcohol, may be 
made, which will not interfere in any way with its use. 

There is what is sometimes termed an extra adhesive 
gum- water, which is made villi the addition of isinglass, 
thus: — Dissolve two drachms of isinglass in four ounces of 
distilled vinegar; add as much gum arable as will give it 
the required consistency. This will keep very well, but is 
apt to become thinner, when a littlo more gum may be 
added. 

I may here mention that Messrs. Marion have lately 
brought out a cement for the purpose of mounting photo- 
graphs, which is very adhesive, even to glass. I find it 
useful in all cases where certainty is requisite ; as gummed 
paper is liable in a dry place to curl from the slides, as 
before mentioned. 

All these, except one or two, arc: liquid, a.nd must be kept 
in stoppered bottle,?, or, at least, as free from the action of 
the air as possible. 

When any two substance are to be united firmly, I have 
termed the medium employed " a cement ;" but often the 
appearance of the slides is thought to be improved by 
Hr awing a coloured ring upon them, extending partly on the 
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cover and partly tm tin 1 j= L J 1 1 <■■ : a; din;; t.be junction of the two, 
The medium used in these cases I term a. "Varnish, and 
hereinafter mention one or two. Of course, the tenacity ia 
not required to be 50 perfect sis in the twawfe, 

Sealing-Wax VAnsrsu is prepared by coarsely powdering 
sealing-wax, and adding spirits of wine ; it is then digested 
at a gentle heat to the required thickness. This is very 
frequently nsed to finish the slides, as before mentioned, 
and can easily he made of any colour by employing different 
kinds of sealing-wax ; but is very liable to chip arid 
leave the glass. The best qualities, however, will be leas 
liable. 

Black Vabnish— Is readily prepared by adding a small 
quantity of lampblack to gold-size and mixing intimately. 
Dr. Carpenter recommends this as a good finishing varnish, 
drying quickly and being free from that brittleness which 
renders some of the others almost worthless ; bat it should 
not be used in the first process when mounting objects in 
fluid. 

Amongst these different cements and varnishes. I worked 
a long time without coming to any decision as to their 
comparative qualities, though making innumerable experi- 
ments. The harder kinds were continually cracking, and 
the softer possessed but little adhesive power. To find 
hardness and adhesive;^-;! united was my object, and the 
following posse^sri '.h;-.-:e qualities in a great degree; — 

India- rubber i drachm. 

Asphaltum 4 07.. 

Mineral naphtha 10 „ 

Dissolve the india-rubber in the naphtha, then add the 
asphaltum — if necessary, beat must be employed. 

Some scientific friends have complained that they have 
been unable to dissolve either the india-rubber or the 
asphaltum in mineral naphtha. The frequency with which 
I have seen this solution thoroughly accomplished convinces 



H ^d by Google 



or microscopic objects, 4!) 

me that one of il'.e = e things has oe.eun'r-.ii — either the india- 
rubber or the aspruilHiin has not been pure, or the naphtha 
has been wood instead of -mineral. In tha early photo- 
graphic days every artist made a form of this varnish to 
use with glass positives, and I never heard a complaint of 
difficulty. 

This is often used by photographers as a black varnish 
for glass, and never cracks', whilst it is very adhesive, Dr, 
Carpenter, howovoi', states that, his experience has not been 
favourable to it; hut I have used it in great quantities and 
havo never found it to leave the glass in a single instance 
when used in the above proportions. The objections to it 
are, however, I think easily explained, when it is known 
that there are many kinds of pitch, &o., from coal, sold by 
the name of asphaltum, some of which are worthless in 
making a microscopic cement. When used for this purpose, 
the asphaltum must be genuine and of the hest quality 
that can be bought. The above mixture serves a double 
purpose — to unite the cell to the slide, and also as a "finish- 
ing " varnish. Eat it is perhaps mare convenient to have 
two bottles of this cement, one of which is thicker than 
common varnish, to use for uniting the cell, &a. ; the other 
liquid enough to How readily, which may be employed as a 
surface varnish in finishing the slides. 

The brushes or camel-hair pencils should always be 
cleaned after use; but with the asphalt varnish above 
mentioned it is sufihaeiit to wipe oil' as citrcfully as possible 
the supeiilaons quantity which, adheres to the pencil, as, 
when again used, the varnish will readily soften it; but, of 
course, it will lie- necessary to keep separate brushes for 
certain purposes. 

Here it may be observed that every object should be 
labelled with name and any other ueieriptiVe item as soon 
as mounted. There are many little differences in the 
methods of doing this. Some write with a diamond upon 
the slide itself; but this has the disadvantage of being not 
so Ciisily seen. For this reason a small piece of paper is 
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usually affixed to one end of tho slide, on which in written 
what ia required. These labels may be bought of different 
colours and designs; bin- the most simple are quite as good, 
and very readily procured. Take a sheet of thin writing 
paper und brush over one side a strong solution of gum, 
with the addition of a few drops of glycerine, or grains of 
moist sugar, as above ivc.oiuui<:iid:v.l ; allow this to dry, and 
then with a common gnn-punoh stamp out tha circles, 
which may he affixed to tho slides by simply damping the 
gummed surface, taking care to write the required name, 
&c, upon it bekirc damping it, or else uiiuwing it to become 
pevfecr.ly dry first. 

There is one difficulty which a beginner often experiences 
in sorting ami mounting certain specimens under the micro- 
scope, viz., the inversion of the objects; and it is often 
stated to be almost imiios-iSiie. to wail; without an erector. 
But tiiis difficulty scion vanishes, the young student becoming 
used to working what at iirst seems in contradiction to his. 

Let it be understood, that in giving the description of 
those articles which are usually esteemed wcemary in the 
various parts of microscopic uuiijii.iuld.tion, I do not mean to 
say that without, n-.auy of these no work of any value can 
be done. There arc, as nil will allow, certain forms of 
apparatus which aid llie operator cjisiuerubly ; but the 
cost may be too great for him. A little thought, however, 
will frequently overcome this iMieiilty, by enabling him to 
make, ov get ma.de, for himself, at a comparatively light 
expense, something which will accomplish all he desires. 
As an example of this, a friend of mine made what be teruia 
his " universal stand," to carry various condensers, &e. Ac, 
in the following way: — Take a steel or brass wire, three- 
sixteenths or one-quarter inch thick and six or eight inches 
long; "tap" into a solid, or make rough and fasten with 
melted lead into a koliow, ball. (The foot of a cabinet 
or work-box answers the purpose very we'll.) In the centre 
of a round piece of tough board, three inches in diameter, 
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make a hemispherical cavity to fit half of the ball, avid bore 
a hole through from the middle of this cavity, to allow the 
wire to pass. Take ;i.tuir. rii:r }'iece of board, about four inches 
in diameter, ei'hor round or square, and one and a half or 
two inches thick, make n similar cavity in its centre to 
receive the other iiiilf of the ball, but only so deep as to 
allow the ball to lit tightly when the two pieces of board 
are screwed together, which last operation must bo done with 
three or four screws. L"t the hole for ths wire in the upper 
part he made finniciil (base upward a), and SO large as only 
to prevent the b;i!J from escaping from i's socket, in order 
that the shaft may move ahe.i.l- as freely as possible. Turn 
a cavity, or mnha hole?, in the, bottom of the under piece, 
and Ell with lead to give weight and steadiness. This, 
painted green bronze and varnished, looks neat; and by 
having pieces of gutta-peroh;i, Lulling to fit the shaft, a great 
variety of apparatus may he attached to it. 

Mr. Loy employs the fnilowinii arrangement for disjecting! 
insects or picking out jforamhiifera, &c. : he fits an upright 
brass rod into a heavy leaden fuot, tliis red carries a hori- 
zontal arm bearing at its end a ring for holding a watch- 
maker's eye-glass; in focussing it to his work, he presses 
the eye-glass down with his bead, the weight of the leaden 
foot keeping it ia its place, and allowing it to follow his 
every movement. 

Again, a " condenser " is often mpiirtd for the illumina- 
tion of opaque objects. My ingenious friend uses an 
"engraver's bottle" (price Gd,), (ills it with water, and 
suspends it betwixt the light and the object. Where the 
light ia very yellow, he tints the water with indigo, and so 
removes the objectionable colour. 

I merely mention these as examples of what may he 
done by a litlle the netful contrivance, and to remove the 
idea that nothing is of mneb value, save that which is the 
work of professional workmen, and consequently expensive. 
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CHAPTER III, 

■ MOUNT OBJECTS " DEY." 

The term "dry" is used when the imjoot to bo mounted ia 
not immersed in any liquid or medium, but preserved in ita 
natural state, nnioss it requires clean hi >i mid drying, 

I have before ei.iited i.ha.t thorough cleanliness is necessary 
in the mounting of all microscopic, objects. I may here add 
that almost every kind of snbst;u:<:e used by the micrascopist 
suffers from careless handling. Many leaves with tine baira 
are robbed of half their beauty, or the hairs, perhaps, forced 
into totally diflcrait shape,) and groups; many insects lose 
their scales, which constitute tliuir chief value to the micro- 
scopist; even glass itself distinctly nr.ruvs the marks of the 
fingers if left imcieaned. Every object must also be 
tlioroughly dry, otherwise dampness will arise and become 
condensed in small drops upon the inner surface of the thin 
glass cover. This defect is frequently met with in slides 
which have been mounted quickly; the objects not being 
thoroughly dry when enclosed in the cell. Many cheap 
slides are thus rendered worthless. Even with every c are 
it is not possible to get rid of this annoyance occasionally, 
A good plan is to fix the covers on to the cells temporarily 
Ijy dropping on two sides of them a composition of equal 
parts of wax and resin : this allows ;i the easy removal of 
the cover at any time, while the object thoroughly dries 
and is protected from dust and damage. 

Tor the purpose of mounting opaque objects "dry" 
discs wero at one time very commonly used. These are 
circular pieces <A' cork, leather, or other soft substance, from 
one-quarter to hall an inch in demotes, blackcued with varnish 
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or covered with b!n.:k paper, on which ilia <■ 1 -j ■.■ c t is fixed by 
gum or some o 1 1 l ■ : i- adhesive substance. They are usually 
pierced longituiliiiii'.ly by a stroiir? pin, which serves fov the 
forceps to lay h-ild of when being placed under the micro- 
scope for examination. Sometimes objects are affixed to 
both aidea of the disc, which is readily turned when under 
the object-glass. The ad v rentage of this method of mount- 
ing ia the ease with which tin; disc may be moved, and ao 
present every part of the object to the eye, save that by 
which it ia fastened to the disu. On this account it is often 
used when some particular subject is undergoing investiga- 
tion, as a number of specimens may bo placed upon the 
discs with very Ik'.h? ia.bour, ill- playing alt their p.irts. l!u', 
where exposure to the atmosphere or str.all particles of dust 
will injure an object, no advantage which discs may possess 
should bo considered, and an ordinary covered cell should 
bo employed. Small pill-boxes havo been used, to the bot- 
tom of which a piece of cork has been glued to afford a 
ground lor the pin or other mode of attachment; but this 
is liable to some of the same faults as the disc, and it would 
be unwise to use these i'or permanent objects. 

Messrs. Smith and Beck have lately invented, and are 
now making a beautiful small apparatus, by means of 
which the disc supporting the object can be worked with 
little or no trouble into any position that may prove most 
convenient, whilst a perforated cylinder serves for the recep- 
tion of the discs wheu out of use, and fits into a case to 
protect them from dust. A pair of forceps is made foe the 
express purpose of rein.ivini; them from the case and placing 
them in the holder. 

All dry objects, however, which are to be preserved should 
be mounted on glasa alides in one of the cells (described in 
Chapter II.) best suited to them. Where the object is to be 
free from pressure, care must be taken that the cell is deep 
enough to ensure this. "When the depth required is but 
small, it is often sufficient to omit the card, leather, or 
other circles, and with the " turntable " before described by 
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means of a thick varnish and cam el -\i air pencil, to form a 
ling of tils desired depth ; bat should the varnish not be of 
sufficient substauco to give suiih " wulis " iit once, the first 
application may be allowed to dry, and a. second ma.de upon 
it, A. number of these may be prepared at the same time, 
and laid by for use. When liquids are. used (see Chapter T.), 
Dr. Carpenter recommends goid-aizo as a good varnish 
for the purpose, and this may be used in dry mountings 
also. I have used the asp] ml turn and india-rubber (men- 
tioned in Chapter II.}, and i'.jund il. to be everything I could 
wish. The cells, however, niest be tkorcv-yh-ly dry, and when 
they will bear the heat iiu.'.y should he baked for an hour at 
least in a tolerably cool oven, by which treatment the latter 
becomes an excellent medium. All dry objects which will 
not bear pressure must be firmly fastened to the slide, 
otherwise the necessary movements often injure them, 
by destroying the fine hairs, &c. For- this purpose thin 
varnishes are often used, and will serve well enough for 
large objects, but many smaller ones are lost by adopting 
this plan, aa for a time, which may be deemed long enough 
to harden the varnish, they exhibit no defect, but in a while 
a "wall" of the plastic jruui others around them, which 
refracts the light, and thus leads the student to false 
conclusions. In all finer wort, "here it is necessary to 
use any method of fixing them to the slide, a solution of 
common gum, with the addition of a few drops of glycerine 
(Chapter IL), will be found to serve the purpose perfectly, 
lb must, however, he carefully til'ered through blotting- 
paper, otherwise the iuitiuio pisr'.iclrs in the solution interfere 
with the object, giving Ibc slide a, dusty appearance when 
under the microscope. 

When mounting an object in any of these cells, the glass 
must be thoroughly cleaned, which may he done with, a 
cambric handkerchief, after the washing mentioned in Chap- 
ter II. If the object he la;;ja, the point of a iiuo camel-hair 
pencil should be dipped into (.he gum solution, and a minute 
quantity of the liquid deposited iu the cell where the object 
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will become at least partially dry a 
imperfectly. 

When, however, the objects tire so minute that it would 
be impossible to depO'it si to ma or fritiii small enough for 
each one to cover, a different method of proceeding must be 
adopted. In this case a small portion of the same gum 
solution should be placed upon tho slide, and by means of 
any small instrument — a long needle will serve the purpose 
very well — spread otcr the siiirfiiCi! which will bo required. 
The quantity tlun e.\ '..muled ivill be very small, but by 
breathing upon it may be pveveu"cd drying whilst being 
dispersed. This, like the Ibreinentioned, should be then 
allowed to dry ; and whilsi. the objects sire being placed on 
the prepared surface, breathing upon it as before will restore 
the power of adherence. A email patch of gold-size — or 
gum dammai* solution which has bean a. lowed to become 
" l.iii-lioy" — in very useful in many Cii.es;. 

When gum or other liquid cement lias been used to fix 
the objects to the jjhiss, the thin covers must not be applied 
Until the slide has been iUurovjjlily drird, and all fear of 
dampness arising from the use of the solution done away 
with. Warmth may bo safely applied for the purpose, as 
objects fastened by this method are seldom, if ever found to 
be loosened by it. As objects are met with of every thick- 
ness, the eells will be required of different depths. There 
is no difficulty in accommodating ourselves in this — the 
deeper cells may be readily cut out of thick leather, card, or 
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other substance preferred (as mentioned in Chapter II.). 
Cardboard is easily procured of almost any thickness; but 
sometimes it is convenient to bod a thinner substance even 
than this. When thin glass is laid upon a drop of any 
liquid upon a slide, every one must have observed how 
readily the liquid si'reads betwixt the two; just so when 
any thin vamith is nsed to surround an object of little Sub- 
stance, excessive care is needed lest the varnish should 
extend betwixt the cover and slide, and so render it worth- 
less. The sbgh'est waW, however, prevents this from tailing 
place, so that a- ring of common paper may be used, and 
serve a double purpose where the objects require no deeper 
cell than this forms. 

Many objects, however, .are of such tenuity — as the leaves 
of many mosses", some of the Dia.tinnacen', scales of insects, 
&c. — that no cell is requisite excepting that which is neces- 
sarily formed by the medium, used t/.i attach the thin glass 
cover to the slide; and where the slide is covered by the 
ornamental papers mentioned in Chapter IT,, and pressure 
does not injure the object, even this is omitted, the thin 
glass being kept in position by i.bii cover ; but slides mounted 
in this manner are frequently injured by dampness, which 
soon condenses upon the inner surfaces and interferes both 
with the object and the clearness of its appearance. 

The thin glass, then, is to be united to the slide, so as to 
form a perfect protection from dust, dampness, or other 
injurious matter, and yet allow a thoroughly distinct view 
of the object. This is to be done by applying to the glass 
slide round the object some adhesive subslauoe, and with the 
forceps placing the thin glass cover (quite dry and clean) 
upon it. A gentle pressure round the. edge will then 
ensure a perfect adhesion, a in..! with ordinary care there will 
be little or no danger of breakage. For this purpose gold- 
size is frequently used. The asphalt and india-rubber 
varnish also will be found both durable and serviceable. 
Whatever cement may be used, it is well to allow it to 
> fixed and dried; but where no 
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cell or wall is upon the slide, this is quite necessary, 
otherwise the varnish will lie most certain to extend, as 
before mentioned, and ruin the object. It may be slated 
here that gold-.size dill'ers j<re;).tly in its drying powers, 
according to its age, mode of preparation, &;■■■. (Chapter V.) : 
here gum dammar .solution laid on in a very thin coating 
will be found most useful, as it dries so rapidly that it cannot 
run in unless laid on with an. unsparing hand. 

Should any object be enclosed which inquires to be kept 
flat during the drying- of the cement, it will be necessary to 
use some of the contrivances mentioned in Chapter II. 

When the slide is thus far advanced, there remains the 
finishing only. Should the student, however, havo no 
time to complete bis work at once, he may safely leave it at 
this stage until he have a number of slides which he may 
finish at the same time. There are different methods of 
doing L j i i H , some of which may bo here described. 

If ornamental papers are preferred, a small circle must 
be cut out from the centre a little less than the thin glass 
which covers the object. Another piece of coloured paper 
is made of the same size, and a similar circle taken from Us 
centre also, or both may be cut at the same time. The 
slide is then covered round the edges with paper of any 
plain colour, bo that it may evtend about one-eighth of an 
inch over the glass on every side. The ornamental paper 
is then pasted on the "object" surface o:' the glass, so that 
the circle shows the ol'jeet as neatly in the centre as possible, 
and covers the edi>es of the thin glass. The other coloured 
paper ia then altm-el underneath with the circle coinciding 
with that above. And here I may observe, that when this 
method is used there is no necessity for the edges of the 
slide to be ground, as all danger of scratching, &c, is 
obviated by the paper cover. 

Many now use paper covers, about one and a half inch 
long, on the upper side of the slide only, with the centre 
cut out as before, with no other purpose than that of 
hiding the edge of 1.1k: thin ehtss where, it is united to the slide. 
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The method of Jhiisliina-, however, which is mostly used 
at the present time, is to lay a coating of varnish upon, the 
edge of the thin gilass, and extend ii tome little way on the 
slide. "When a blank eirele is reijuireit, nothing Nerves the 
purpose better than the gold-size and lampblack, or the 
asphalt and. india-rubber vamt-li, neither of which is liable 
to chip; but when used i'o<: thi.-, tii..; 1 : l 1 1 1 ? i- should be rather 
thinner, as before advised. Soma of these varnishes are 
preferred of different colours, v.-hiuh may be made by using 
the different kinds of ssiiliu-r-iviix, as described in Chapter II.; 
but they are always liable to the defects there mentioned. 
This circle cannot be made in any other way than by one of 
those contrivune.es called turntables. A. very little practice 
will enable the yo-aiiw student to place bis slide so that the 
circle may be uaiibrui wills the ed:;e of the thin glass. 

The slide is now complete, except the addition of the 
name and any other parti eulurs which may be desirable, 
li'orthia purpose one of the methods ■;ie.scn:.eU in Chapter II. 
must be employed. 

Amongst the various classes of mi< 
receiving general attention, the Diatort 
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character, consisting of raierosenpis hriltla organisms." 
They are now looked upon by almost all of our scientific 
men as belonging to the vegetable kingdom, though some 
few still assign them to the animal. They are almost 
invariably so exceedingly small, that the unaided eye can 
perceive nothing on a prepared slide of these organisms but 
minute dust. Jfaeh separate Dortjon, whieh is usually seen 
when mounted, is termed a "frustule," or "testule:" this 
consists of two similar parts, composed of silica, between and 
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sometimes around which, is a mass of viscid matter called 
the " endonbrome." They are found in almost every descrip- 
tion of water, according to tlio variety : some prefer flea- 
water, others fresh, and many are seen nowhere but in that 
which ia a mistnre of both, as the months of rivers, &e. 
Ditches, ponds, cisterns, and indeed almost, every reservoir. 
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it before we pass on. For this purpos 
bottles must be provided, which may be placed in a tin bi 
with a separate compartment for each, so that all chance 
breakage may be done away with. The diatoms are genera 
of a light brown colour; and where they are observed in t 
water, the bottle may be so placed, with the mouth clos 
by the finger, that when the finger is withdrawn the wai 
will rush in, carrying tho diatoms also. If they are se 
upon plants, stones, or any other substance, they m 
generally be detached and placed in the bottle. Wb 
there ia a green covering upon the surface of the water, 
great quantity of diatoms is usually found amongst it; 
also upon the surface of the mud in those ponds where th 
abound. In these cases, a broad flat spoon will be fou 
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very useful, and one is now made with a covering upon the 
broader portion of it to protect the enclosed matter from 
being- so readily carried off whilst bringing it to the surface 
again. Where there is any depth of water, and the spoon 
will not reach the surface of the mud, the bottle must be 
united to a long rod, nnd being thru carried through the 
upper portion with the mouth downwards, no water will be 
received into it; but on reaching- the spot required, the 
bottle-mouth may be turned up, and thus become filled with 
what is nearest. 

Prom the stomachs of common fish — as tho cod, sole, had- 
dock, &a. — -many spoeieien;.! of Diatom :i;jem may be obtained, 
but especially from the crab, oyster, mussel, and other shell- 
fish. Professor Smith states that from these curious recep- 
tacles ha has taken some with which he has not elsewhere 
met. To remove them from any of the small shell-fish, it is 
necessary to take the fish or stomach from the shell, and 
immerse it in strong hot acid {nitric is tin; best) until the 
animal matter is dissolved, when the residue must be 
washed and trea'.ed as the ordinary Dialoinacca; hereinafter 
described. 

Many diatoms are seen besi when mounted in a dry 
state, the minute markings beeoming panel) more indistinct 
if immersed in liquid or balsam ; and for this reason those 
which are used as tost objects are usually mounted dry. 
Many kinds are also now prepared in this way as opaque 
objects, to be examined with the liehevknhn, aud are ex- 
quisitely beautiful. Others, however, are almost invariably 
mounted in balsam ; bat as these will be again referred to 
in Chapter IT., and require the fame treatment to fit them 
for the slide, it will not be out of place to describe the 
cleaning and preparation of them here. As before stated, 
there is much matter surrounding them which must be 
got rid of before the «ili.i:enus covering can be shown 
perfectly. As, however, we may first wish to become 
acquainted in some degree with what we have to do, it is 
well to take a small piece of talc, and place a few of the 
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diatoms upon it. This may be hold over the flame of the 
spirit-lamp until all the suitosj iidin<r matter is burnt away, 
and a tolerable idea may thus bo obtained as to the quality 
of our treasure. 

In some cases it is well to use this burning operation 
alone iu mounting specimens of diatoms, when they may be 
placed in their natural state upon thin glass, burnt for 
awhile upon the platinum plate, hereinafter described, and 
mounted dry or in balsam. 

In the preparation and cleaning of Diatomacete, there is 
little satisfaction unless these operations have been success- 
fully performed, as a very small portion of foreign matter 
seriously interferes with the object. The mode of preparing 
them varies even amongst the most experienced. It will be 
found, therefore, most satisfactory to examine the principal 
of these separately, although it may be at the risk of some 
lii.i.li' iv petition. 

The method which is most frequently employed is the 
following:' — Place the gathering containing the Diato- 
maccie in a small glass or porcelain vessel, add strong 
nitric aeid, and, by the aid of a Bunseu's burner or spirit- 
lamp, boil for some minutes. From time to time a drop of 
the tuixtnre may be put upon ij, slide, and examined under 
the microscope to 'see if all foreign matter be got rid of. 
When the valves are clean, the vessel containing them must 
be filled with water, and the whole lei't for an hour or two, 
so that all the diatoms may settle perfectly. The liquid 
must then be poured oil' carefiillv, or drained away by the 
aid of a syphon, so that none of the diatoms are removed 
with it. Indeed, it is well to examine the liquid drained off 
each time with the microscope, as the finer forms are 
frequently lost in the washings. The vessel must then be 
refilled with pure water, allowed to settle, and drained as 
before. This washing must be repeated until a drop being 
placed npon a slide and evaporated leaves no crystals. 
When it is desirable to preserve the diatoms in this state 
before mounting (which process will be described ill another 
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place), they may be placed in a small phial with a little 
distilled water. 

There are many cn\a:-~i u\ '.vlsluU tin 1 fiVjve method will not 
effect a perfect elcn.nsin^, as certain substances with which 
diatoms are frequently iiikud are not soluble in nitric acid, 
For this reason the following method is resorted to : — Take 
a quantity of the matter cor.i.aiiiiti;:'; tin; OiatomaeeEQ and 
wash first with pure water, to gat lid of all the impurities 
possible. Allow this to settle perfectly and decant the 
water. Add hydrochloric acid gradually, and when all 
effervescence has subsided, boil for some minutes by aid of 
the lamp. "When cool and the particles have subsided, 



decs 


nt the by< 


Iroc 


hlorio 


and add nitric acid. 


The boiling 


muff 


; then be 


rei 


>eated 


until a drop of the 


liquid when 


plao. 


id under then 




lope shows the valves c 


■r " frustules " 


cleai 


i. After : 


illo 


wing 


the diatoms to settle, ■ 


.he acid must 


be < 


lecanted, l 


rad 


pure 


water substituted. 


The washing 


mns 


1 be repei 


Lted 




i the former process 


until all the 


remt 


ru- _f ;ry* 


itah 




id are removed, when the specimens 




be preseri 






V. | '!]!;,!<■ 




S 


llchil.M lb 




.anal modes of treating the 


Pin torn accx, 


but there are < 


.erti 




-f^ in which jiaiticulm 


■ methods aro 


requ 


irrd U. (ri- 




inythi 


ng like perfect results 


Persons of 


gvea 


t ojwi-ion. 




Dmbin 


c a variety of treatments, and thus 


obta 


in better a 


nd: 




miform specimens. I 


'erhaps it will 


be a 


,1, an I.; i.-co 




to gii 


-« the young student 


. the process 


adopted by on 




f the 


most Pncc^fol prep; 


..rers of these 


obje, 


;ta; but 


[ v 


/ill first state the differen 


b methods of 




mm- the 


clee 


.ned d 


Ihitoms dry: how to ei 


nploy Canada 


Ulb; 


™ and fli 


lid 


in th 


eir preservation will 


be elsewhere 



described. 

It was before stated that diatoms when cleansed might 
be preserved in small phials of distilled water. When re- 
quired for mounting, shake the phial, and with a thin glass 
tube or rod take up a drop of the fluid and spread it upon 
the surface of the slide in the desired position. This must 
then be allowed to dry gradually, or by the aid of the lamp 
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if necessary, without being shaken or interfered with, other- 
wise uniformity of dispersion will be prevented. When 
thoroughly dry, a thin ring of one of the adhesive varnishes 
- — gold-size will be found as good as any— may be drawn 
round the diatoms, and allowed to dry in a slight degree. 
The slide and thin glass cover should then bo warmed and 
tho latter gently prcssod upon the ring of varnish until the 
adhesion all round is complete. 

As some of the diatoms icipiire object-glasses of extremely 
high power, and conscriiiei'dy short focus, to show them, 
they must be as dose to the oritur surface of the e-ovcr as 
possible. For tin's reason they am sometimes placed upon 
the under side of the thin I'la.ss, as follows. Clean the 
surfaces of the slide and cover, and with the rod or pipe 
place the liquid eouialoiiiL; the diatoms upon the thin glass, 
and dry as before. Trace the ring to rrceivo the cover upon 
the slide, and when almost dry, warm both and proceed as 
ahovo. Whichever of theso methods is employed, the outer 
ring of coloured varnish may be applied as elsewhere described 
and the slide finished. 

Diatoms are also sometimes mounted betwist two thin 
glasses, as described in Chapter TL, so that the light by 
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consequently the first etop should be to experiment on 
various kinds. 

In gathering diatoms much hibouv is saved by judgment 
and care; hence it is desirable to get acquainted with them 
in their growing condition, so that when recognised upon 
the sand or other spots-, they nisiy he carefully removed by 
the aid of the spoon or small tin scoop before described. 
When growing upon algas or other plants, the plants and 
diatoms together may be carried home, in which case they 
must he simply drain ml and not washed or pressed, in order 
that the diatoms be not lost. As it is always desirable to 
examine tbe gathering on the grriyiud, a '■ Gairdner's hand 
microscope" with powers J'rcin SO to 200 diameters will be 
found very useful. The best gatherings are those which 
represent one species abundantly. Those which are mixed 
may be rejected, unless they an: seen to contain something 
valuable or important, as the object shooi 1 he not so much 
to supply microscopical cuvii :-i '.:,■.' ;:>■ l.o collect material which 
is available for the study of nature. 

Tbe gathering when curried home should always bo care- 
fully examined before anything is done with it; not only on 
account of the additional information thus acquired, but 
also because it often happens that a specimen should be 
mounted in fluid (see Chapter V.) in tbe condition in which 
it is gathered, as well as cleaned and mounted in balsam 
(Chapter IV.) and dry. 

"Where the gathering is i.alion from sand, the whole may 
be shaken up in water as a preliminary operation, when 
much of tbe hand will ba separatee! by its own weight. The 
lime test, however, should be. applied ; viz. — a small portion 
of hydrochloric acid, and il there be e-i:'t'i'vesccnce,it must be 
dissolved out by this means. From Alga 5 - and other weeds 
diatoms may be detach. at by n^katinjj the wholo together 
in a weak solution of nitric acid- about one of pure acid to 
twenty or thirty of water, a.s it must bu sufficiently weal; to 
free the diatoms without destroy big ibe matter to which 
they adhere. The diatoms may then be separated by 
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sifting through coarse muslin, which will retain the Algs, 
&c. The process of cleaning will vary according to circum- 
stances. Some gatherings require to be boiled only a few 
minutes in nitric acid; but the more general plan, where 
they are mixed with organic or other foreign matter, is to 
boil them in pure sulphuric acid until they cease to grow 
darker in colour (-1i.s1111.lly from n half t,o one minute), aud then 
to add, drop by drop to avoid explosions, a cold saturated 
solution of chlorate of potash until tin': colour is discharged, 
or, in case the colour does not disappear, the quantity of 
the solution vised is at least cirnji.l to that of the acid. 
This operation is best performed in a wide-mouthed ordinary 
beaker glass,* a test-tutu; being too narrow. The mixture 
whilst boiling should be poured into thirty times its bulk of 
cold water, and the whole allowed to subside. The fluid 
must then be carefully decanted and the vessel re-supplied 
once or twice with pure water, so as to get rid of all the 
acid. The gathering may then be transferred to a small 
boiling-glass or test-tube, and— the water being carefully 
decanted— boiled in the smallest available quantity of 



>osed of without the losa of a considerable proportion of 
liatoms. 

I may here mention that the washing -glasses used by 

' , Bylands are stoppered conical bottles varying in 



opacity fro, 

being ctiij.iiiivcd to prevent tliii i.uiSiri-L'jico 
iiils- they are stoppered, to render then 



depth of water, sh;i.ksn vigorously for a minute Or two, and 
allowed to subside for half an hour, after which the turbid 

* These glasses ii.ro roum], i-br,v,l, p's ini'lic-i lril:.inul usually contain 
about eight ounces. Tiiey are raf'-.or iv-'lcr at ilia bultom, tnperiiifj 
gradually to tbetop, and may tie ir.-i srally procured at the eheioMa, ko. 
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fluid must be carefully decanted, This operation must be 
repeated until all the matter is removed which will not 
settle in half an hour. The fluid removed should he ex- 
amined by a drop havvj put. upon a slide, as in some cases 
very light diatom?! havo been found to come off almost 
pure in Oue or more of these earlier washings. The quan- 
tity of water and time of subsidence given may be taken 
generally, but may require to be modified according to 
circumstances and t.ho jiul;imont of the operator. By the 
repetition aud variation of tiiis process the nhnhin.j being 
the most important juivt — tlio sru'lioriiiLr, if a pv/re one, will 
be sufficiently clean. If, however, it contain a variety of 
species and forms, it may require to bo divided into different 
densities. 

In some cases, however, it is best to divide the gathering 
as a- prdhrdn-o/nj operation, which may be done by agitating 
it in a quantity of water ii.nd decanting what does not 
readily subside. The heavier and the lighter portions are 
then to be treated as two separate boilings. But when, the 
cleansing has been curried to the abovo stage and this 
division is required, the plan must be somewhat as follows : — 
The gathering must he shaken in a test-tube with six inches 
of water, and then allowed to =i;L'm\!u until one inch at the 
top remains pure. About three inehes are then to he care- 
fully withdrawn by a pipette, when the tube may be filled 
up and the operation repeated. The three lower inches also 
may then be decanted and examined. The gathering is 
thus divided into three portions; viz. — that which was 
withdrawn by the pipette, that which remained floating 
in the lower three inches of water in the tube, and 
that which had settled at the bottom. An ex a mi nation of 
these will inform the operator how to obtain that particular 
density of gathering which he desires, and how far it is 
worth while to refine this process of elutriation; for i 
cases of necessity any one, or all three, of thesi 
may bo operated upon in the samo way to I 
rartieular diatom. 
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As an occasion ii.l aid, It may be leniaiheil, that in some 
cases Uquor ammonia may be used in one of the later 
washings in place of water, as it often separates fine dirt, 
which is not otherwise easily removed. Ammonia also dis- 
solves a flocculeut matter which sometimes remains; and 
this method does not injure diatoms like some strong alkalies. 
Some fossil deposits require to be treated with a boiling 
solution of carbonate of soda to disintegrate them; but 
this operation requires great care, lest the alkali should 
destroy the diatoms. Vegetable silicates also sometimes 
require to be removed by a solution of carbonate of soda; 
■ but as tba frustules of the diatoms themselves are but 
vegetable silica, even more care is required in this case. It 
maybe well to men lion, that some diatoms arc so imperfectly 
siliceous that they will not bear hoii.iv.yiii acid at all. Soma 
of fhese may be allowed to stand in cold nitric acid some 
time, whilst others of a smaller and more delicate character 
should, when possible, be . treated with distilled water 
alone. 

We will now consider the mode of mounting the prepared 
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specimens, which is desirable, is not obtained. In order to 
effect this, let a drop of the cleansed gathering be diluted 
sufficiently for the purpose— how much must be determined 
in each case by experiment— and let the covers to be 
mounted be cleaned and laid upon the brass plate. (See 
Chapter II.) By means of a glass tube, about one-twelfth of 
an inch in diameter, stopped by the wetted finger at the 
upper end, take up as much of the dilated material as will 
form a moderately convex drop extending over the whole 
cover. Whan all tho covers required are thus prepared, 
apply a lamp below the brass plate, and raise the tem- 
perature to a point just short of boiling. By this means 
the covers will be dried In a few minutes, and the specimens 
equally distributed over the whole area. The spread of 
the fluid upon the covers is facilitated by breathing upon 
them; and, to insure uniformity, care must he taken to 
avoid shaking them whilst drying. The best plan is to 
mount at least half a dozen at once. 

Before mounting, Mr. lly lands always burns the diatoms 
upon the glass at a dull red beat, whether they are used 
with balsam or dry. This burning, he says, is not only 
an additional cleaning process, but it effectually fixes the 
diatoms, and prevents them (bating out if mounted with 
balsam. The thinnest covers maybe burnt without damage 
if they are placed upon a small piece of platinum foil o( 
the size required, which should be about one-hundredth of 
an inch thick, perfectly flat, and having three of its edges 
slightly bent over, so as to prevent its warping with the 
heat. The small flame of a spirit-lamp, or, where there is 
gas, a Bunsen's burner, may bo employed. The cover 
should bo shaded from direct daylight., that the action of 
tho flame may be observed more perfectly. Care must then 
be taken to raise the temperature only to the dull red heat 
before mentioned. The cover will thon be in a fit state for 
mounting as required. 

It has been stated in another place that it is assumed 
that the operator is not moviii'.ing d.utoms simply as micros- 
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copic objects, but as instinctive specimens. It is not, 
therefore, sufficient to take a single slide as all that is 
required, but to have tin- tfjunt:- diatom prepared in as many 
ways as possible. The following are the principal: — 

1. Mounted crude in fluid (see Chapter V.) 

2. Burnt crude upon the cover, mid mounted dry or in 

balsam. 

3. Mounted dry or in balsam (see Chapter IT.), after 

the clean si v.g 'iivoc^as already described. 

I will here give }fr. Ey hi; ids' method of mounting' them 
dry, the fluid and bals;un preparations being noticed in. 
their respective chapters. The slide, with tho ring of 
asphalt, or black varnish, she-aid have been prepared some 
weeks previously, in order to allow it to dry thoroughly. 
When required, it must be held over the spirit-lamp or 
Bunsen's bonier until the l-insi of Viiviiish is softened. The 
burnt cover, having been heated at the same time, must 
then be taken in the forceps and pressed upon the softened 
varnish until it adhere ail round. When cold, an outer 
ring of asphalt completes the slide. 

Such is the method which my friend Mr. T. G. Bylands 
employs in the preparation of diatoms for the microscope, 
I have said enough concerning his results. It is to be 
feared, however, that to some these several modes of opera- 
tion may appear lengthy and complicated ; but if road 
carefully, and the experiments tried, they will be found to 
be simple enough in practice, and to occupy much less time 
than an intelligible description would load tho novice to 
believe necessary, 

The minute nature of diatom forms, and the high micros- 
copic powers by which they are examined, render a very 
shallow cell necessary when they are mounted upon a dry 
slide. Many early attempts, on this account, have been 
ruined by the cement used to fix the thin cover spreading 
underneath. .A our respondent of the " Monthly MicrOSCOpie 
Journal " thus gives his mode of avoiding this : — " There is 
a very simple means of avoiding this danger, and I will 
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bitumen, I form a second circle of it outside the first, and 
as Dear as possible to it, and each of the two circles has its 
own advantage; the first, in fad:, while forming the cell, 
serves as a support for the covering glass, and thus pre- 
serves the Diatomac-ose from any breakage ; it offers, besides, 
a serious obstacle to the spreading of the more liquid bitu- 
men of which the enter circle is composed ; arid the latter 
closes the cell by fixing the cover, which, when the prepara- 
tion is dry, may be covered wil.h a filial circle of bitumen. 
It is of course understood that I am speaking of prepara- 
tions made in the dry way only, and not with balsam," 

One of the mos' fertile aa well as the most curious maga- 
zines of Diatomaoca; is guano. The siliceous forms con- 
tained therein have been (levo'ired by sea-birds and passed 
through the stomach uninjured, and after lying for ages 
may be cleaned and classified. Many of these are not else- 
where met with, so that the student who is desirous to enter 
into the study of Di;itoniaee;t' must hi; instructed as to the 
best mode of obtaining them from this source. The par- 
ticulars to be observed so closely resemble those before men- 
tioned in the treatment of the ordinary diatoms, that it will 
he snlKeieutly e^plieif to i-ivf the- on Mi lies of the piocoss. 
The guano must he first washed in pure water, allowed to 
subside perfectly, and the liquid then poured off. This 
must he repeated until the top fluid is eleav, and care taken 
not to decant the liijnid until perfect subsidence has taken 
place. The deposit must then be treated with hydrochloric 
acid with a gentle heat for an hour or two, adding a little 
fresh acid at intervals as long as it- exdt.es any effervescence. 
After this nitric acid must be substituted for the hydro- 
chloric, and the heat kept up to almost boiling-point for 
another hour at least, adding a little fresh acid as before. 
When this ceases to act, the deposit must be allowed to 
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settle perfectly and the acid poured off. All traces of the 
acid must now be washed away with pure water, when the 
remains will be Diakmiacrn:, the sand contained in. the 
guano, and a few other forma. Some of these may be 
mounted dry, as before mentioned, but the greater portion, 
should be put up in Canada balsam as described in 
Chapter IV. 

Such is the ordinary method for the treatment of guano; 
but Mr. E j lands' mode of proceeding with ordinary Diato- 
macese (before given) will be found equally successful with 
these deposits. 

The composition, however, of «uano is more complex than 
the substances by which we find most of the Diatomaceit 
surrounded, and therefore a diil'iTeht method of treatment 
is pursued by many. The following by ATr. A. J. Eoberts 
is a good one : " Guano should be first well washed with 
boiling water, either on a paper filter or by repeated affu- 
sions until the liquid come off tasteless. Boiling water is 
preferable to cold, for the heat ox pels air-bubbles and causes 
the deposit to settle down into a smaller space; then the 
deposit mutt be subjected to the action of the ueids as 
directed for the preparation of earths, to get rid of the lime 
'salts. The partially denned deposit, which is now much 
smaller in hull;, must be separated as much as possible 
from the liquid, strong sulphuric add, in sufficient quantity 
to cover it, poured on to about the depth of half an inch, 
and heat applied and continued for some time, but the liquid 
must not be made to boil. The result will be an almost im- 
mediate blackening of the liquid, which gradually becomes 
deeper, and a dirty, inky- looking compound is ultimately 
produced. When this has taken place, chlorate of potash 
in flue powder must he dropped into the hot mixture very 
gradually until the black colour disappear. This must he 
done cautiously, for the action is so violent, that much 
spurting is occasioned ; and the liquid being very corrosive, 
a tolerably capacious vessel should be used iu order to keep 
the splashes within reasonable bounds, or serious damage to 
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the operator's clothes may ensue. The n early decolorized 
liquid must now be diluted with a consul erable quantity of 
water, and the deposit allowed to subside, the supernatant 
liquid poured off, and the process of Iienting with sulphuric 
acid and addition of c'uloratc of potash repeated until the 
sulphuric acid occasion no further blackening; then the 
cleaning ma; lie finished in the usual way by washing." 

I have had many complaints from my friends that with 
all their care they have found nothing fit for mounting in 
guano. This is readily accounted for by one fact, that not 
one sample in tw<?:i!y of what is called guano in the market 
has an atom of guano in it. Procure real guano, and you 
will get real returns. 

'['he foj.il Jr.fusovin, (as they wore formerly called) a 
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slide and allowed to dry naturally, when their characters 
will be very well shown. To obtain anything like a. natural 
appearance, they must be pnt up in fluid as in Chapter Y. 

Nest to the Diatom;] ecu?, no class of microscopic objects 
has been more looked into of late than the Foraminilera. 
These animal a aro nlniosi all marine, having' a, jelly-like body 
enclosed in one or more chambers of sboll, which, is generally 
composed of carbonate of lime. The shells are made with 
minute orifices, through which the pseudopodia (false feet) 
are extended by which the animal is enabled to lay hold of 
anything to draw itself along, From tin; possession of these 
orifices they derive their name, as foramen means a door or 
opening. They have beon found in every depth of sea 
hitherto sounded, each depth bc:.\tg abundant in. certain. 
species; the lowest bods containiuc; the greatest number of 
specimens, though with less variation of kinds. In chalk 
they are found in a fossil sti.it o, and may readily be shown 
(see Chapter IV.) ; in limestone and other hard stonos they 
are abundant, and some mountains are composed principally 
of these shells. 

The methods of obtaining ForaiiiinLfcra nm various. Many 
may be found upon seaweeds, which should always be ex- 
amined as soon as possible after gathering. They are found 
in masses upon some coasts, where the waves have carried 
and left them ; but thev are to be found the most abundantly 
in sand or mud dredged from the bottom of the sea. They 
mnst, however, bo cleaned and separated from the mass of 
impurity with which they are usually mixed. This may be 
done in various ways, according to the nature of the accom- 
panying matter. If sand alone, as is frequently the case, 
the whole mass must be thoroughly dried, and then stirred 
np in clean, water. The sand will soon subside by its own 
weight, but the chambers of the Foraminifera, being filled 
with air, will float upon the surface, and may be skimmer] 
off. There is, however, one objection to this mode of pro- 
ceeding — some of these objects ;:re so minute, the chambers 
containing comparatively so small a quantity of air, that 
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the water may then be poured off and examined to see if 
there are any objects! contained in it. This process must be 
repeated until tlie v.-;i,t.er eomo oil' quite clear, when (if the 
search is for Foraminii'era only) the solution of caustic 
potash may he used as before mcntionoJ. However the 
soundings, &o., are cleaned, it is necessary to assort them 

* In scarehiue; tun" fiivl.Ii or summit);; ill ■-■L , i'ev to lake ob'eecs tlicro- 
from, no method pse.snMs the sr.mc heirfe ;e- the uso of the finest 
camel-hair pencil, to which, after beine; r.rinvu through the lips, any 
forms will adhere, ami yet, ho ro.nliiy detached n;io:i the slide. After 
tl little practice the surliest, ■■'■j.::' 'ii.iy he scp. n:ueil. Captain Lung, 
however, stated that- lit v.so:! a single half or hri-Mo dipped into gum 
and dried, sifter winch a p'.i:>ht breath ".mid vesture its adhesive 
power. With a very ti'ic hair por.eii uiirir.;; <y..<: winter I mounted 
about 1,400 slides', cadi one oi<;".;ort o;;f 'if sea sonndiligs, many of 
which had from si* to twelve S|.ce.„,on-i -spon them. The readiness 
with which the ohioets mdicrert to Ihe- point ami were deteohed whtn 
required, ren (Invert*, ho pvece-i much move p!c,i-.uit ilum using a bristle 
with gum. As to the run: hers of oh jccl.s I.. '...■ hfo-n from any sound- 
ing, even imagination of'.en fnils. Plaited, it is said, collected 6,000 
shells of Forauunifora iroin Mil ounce or sand burn the shore of tho 
Adriatic. Soldan: enlleeteii frin:i less In i:i an ounce and a half n[ 
rock from tho hills of t'le Csisc'ansi. in Tu.-a-uiv, 1(1,454 fossil shells. 
Several of thesis v.vre so mimp.e snnl: n'H.i v.^i-.pcrt onlv a grain. And 
D'Orbigny found 8.8 10,000 specimens in an ounce of sand from the 
shores of the Antilles. 
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without undergoing this pro 



matter from the bottom. Mr. George Mosley, the late 
Secretary of the Manchester Microscopic Society, obtained 
numbers of the " serapings " from the sounding leads. To 
make any use of these it is, of course, necessary to free them 
From all traces of the tallow. Mr. Dancer places the sound- 
in;; in a ljnsin and pours boiling water upon if, which Oiiiiscs 
the melted grease to rise to the surface. When cold, this 
may be removed, and the water carefully decanted. The 
operation may be repeated until no grease appears, when 
the water may be withdrawn and liquor ammonite used, 
which will form a soapy solution with any remaining grease. 
This must be treated with hot water for the final washing. 
Care mnst be taken lest the finer forms be carried away in 
decanting the washing liquid. Should it be wished to make 
certain as to this point, each washing should be examined 
under the microscope. In some cases the process of Mr. 
Dancer will prove sufficient. Mr. Dale, however, gives a 
method of acoomplishing the same result, which is much 
more readily completed; and as no fault can be found with 
these results, I will here ;;ive it in full : It is now well known 
that one of the products (ibtainiiJ from the naphtha of Coal- 
tar is a volatile, oily substance, termed benzole (or, by 
1'reneh cher.-usts, h-'yizhtv), tin.' boiling-point of which, when 
pure, is about 180" Fahrenheit, and which is a perfect 
solvent of fatty substances. In a capsule, previously 
warmed on a sand-bath, Mr. Dale mixes with the tallow 
soundings some of this benzole, until diluted so as to run 
freely, pressing the lumps with a glass rod until thoroughly 
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mingled; the solution and its contents are then poured into 
a paper filter, placed in a ghirs funnel ; the capsule is again 
washed with benzole, until the whole of the gritty particles 
are removed into the filter. A washing -bottle, is then sup- 
plied with benzole, and the contents of the filter washed to 
the bottom until the liquid parses oil' pure, which may be 
tested by placing a drop from the point of the funnel on a 
warm slip of glass or bright phttiriuei, when, if pare, the 
benzole will evaporate without residue or tarnish ; if grease 
be present, the washing must be continued until they are 
free from it. After rinsing through M-r.r'/.' acid, or alcohol, 
for final purification, the calcareous forms will be ready for 
mounting. 

The filter and its contents may be left to dry spontaneously, 
when the latter can be examined by the microscope. Should 
time be an object, rapid (Irving may be effected by any of 
the usual methods; one of which, recommended by Mr. 
Dale, is to blow a stream of hot air through a glass tube 
held in the flame of a Bunsen's burner, The lower the 
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is to be used in the approach of light to the inflammable 
vapour. 

After the Foraminifera and calcareous forms have been 
removed, the residue may be treated with acids and lega- 
tion in the usual manner, to obtain siliceous forms and 
discs, if there be any present; but to facilitate their 
deposition, and to avoid the loss of any minute atoms 
suspended in the washings, I would suggest the use of 
filtration. The conical filter is unsuitable, as the particles 
would spread over too great a surface of paper; but glass 
tnbes open at both ends (such as broken test-tubes) will be 
found to answer, the broad end covered with filtering -paper 
and over that a slip of muslin tied on with a thread to 
facilitate the passage of tire water and prevent the risk of 
breaking the paper. Suspend the tube over a suitable 
vessel through a hole out in thin wood or cardboard, pour 
in the washings, which can be thus filtered and then dried. 
The cloth must be carefully removed, the paper cut round 
the edges of the tube, and the diatoms on the paper disc 
may be removed by a camel-hair pencil or otherwise, ready 
for mounting. Thu3 many objects may be preserved which 
would be either washed away or only bo obtained by a more 
tedious process. 

Such is Mr. Dale's method of cleaning the soundings 
from tallow, and as it thoroughly iicoompliihos its end, and 
is alike effective and not injuria as to Fovaniinifera and dia- 
toms, it may ho safely recommended. The weak solution of 
caustic potash before advised fur Forandnifera, must not be 
used where it is desired to preserve she diatoms, as they 
would certainly bo injured, or destroyed altogether, if this 
agent were employed. 

In fixing the Foraminifera upon the slide, no better plan 
can be followed than the. dry cells and gum recommended 
in the early parts of this chapter. Owing to their thickness 
and composition, most of them are opaque objects only ; but 
they are exquisitely beautiful, and require no particular care, 
except in allowing the cell to be perfectly dry when 
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the cover is placed upon it, or the damp will certainly 
beeome condense*.! upon the inner side, aud the examination 
seriously hindered. 

Many of the Forar^ ini loi^i, require cutting into sections if 
it is wished to examine their interna! structure; — "decal- 
cifying" is also desirable in .some cases: both of these 
processes will lie found doacribdd at length, in the chapter on 
Sections and .Dissections. 

When more than otic specimen of some particular shell is 
obtained, it is better to place them upon the slide i 
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A visitor to the seaside may with little trouble procure 
one of the most beautiful objects which can ornament a 
cabinet. On tnrning over stones which have been covered 
by the last tide, a very small species of stiirlish will often be 
met with. From a small circular centre live long arms 
project, each of which is covered with spines beautifully 
arranged. When found, they should he dropped into fresh 
water with a little spirit added. This kills them instantly, 
else many of their long arms get broken by their struggles. 
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By putting them into water the anna are rendered, soft and 
may then be spread in forms best suited to microscopic 
slides, and thus allowed to dry. They are beautifully 
delicate in colour, ncc.diti<j no pvq motion to bleach them. 
Daring one morning's walk at Llandudno I procured about 
three dozen. 

Plants afford an almost inexhaustible treasury for the 
microscope, and many of Hit™ show i 'leir beauties best when 
mounted dry. When any of these are to be mounted, care 
must be taken tint tln-y are thoroughly dry, otherwise the 
damp will certainly nriwo in tlie eell, and injure the object; 
and it may here be mentioned lliat long aiter a leaf has 
every appearance of dryness, the interior is still (lamp, and 
no way can be recommended of getting rid of this by any 
quicker process than that of keeping them in a warm room, 
as many leaves, &e., aro utterly spoiled by using a hot iron 
or other contrivance. The safest way is to press them 
gently betwixt bid, ting-paper, which may be removed and 
dried at short intervals; and though this may appear a 
tedious operation, it is a safe one. 

On the surface of leaves, hairs arid scales of various and 
very beautiful forms are found, most of which display their 
beauties best when removed iVom tie 'oaf, aud used with 
the polarizer. These will be noticed in another place; but 
a portion of the leaf should always be pre| iared in its natural 
form, to show the arrnng^inoitt of the hair or scales upon it ; 
and this must almost invariably be mounted dry when used 
for this purpose. Many of them require very delicate 
handling. The imid'Yvntk, or, as it is by some termed, the 
cuticle, is the outer skin which lies upon the surface of the 
leaves aud other parts of most plants. This is composed of 
cells closely connected, often bean Lit; the appearance of a 
rude network. In many plants, by scraping up the surface 
of the leaf, a thin coating is detached, which may be torn 
off by taking liold of it with forceps. The piece may then 
be washed and floated upon a glass slide, where, on dry- 
ing, it will be firmly fixed, and may usually be mounted 
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dry. Amongst the most beautiful and easily prepared of 
these may be mentioned the petal of the geranium, the 
cells of which are well defined and amongst the most 
interesting. 

Sometimes this adida is removed by maceration of the 
leaf in water or by a quicker niethou boiling in nitric acid, 
Perhaps it will be as well to give Mr. Arnold's experience. 
"A leaf of a rhododendron which had been dry some 
mouths, and a fiesliH'-<;a.t.r,.-red h-af of an azalea, were put into 
a test-tube, and covered with undiluted nitric acid of com- 
merce of, I believe, abont 1 'o'2 specific gravity ; the tube was 
held over a spirit-lamp until the acid just boiled, and 
the contents were then thrown into a basin of cold water. 
The cuticle of the rhododendron leaf partially separated 
spontaneously; that of the azalea came off without the 
least difficulty. Tho whole operation did not occupy more 
than five minutes. Undoubtedly many leaves, according to 
their texture, will require diffrrcui; strengths of acid, and 
longer or shorter periods of boiling." 

Closely connected with the leaves are the anthers and 
1'OLIjEN, of which a great number arc beautiful and interesting 
EtLiiji-oLK for the nricroscopist. 

The mallow tribe will furnish some exquisite objects, 
bearing the ai>penranee of classes of costly jewels. These 
are usually dried with pressure, but the natural form may 
be more accurately preserved by allowing them to dry as 
they are taken from the. dower, with no interference except 
thoroughly protecting them from all dust. Sometimes the 
anther is divided, so that the cell required to receive them 
may be of as littie di'pth as possible. The common mallow 
is a beautiful object, but I think the Iavatera is a better, as 
it shows the poll en -elm m hers: well, when dried impressed. 
The pollen is often set ;sloise, and is well worth the trouble, 
as it then admits of more close examination. Often it is 
convenient to have the ant!"-/' (■:.■<■:< ;>o.'Ao( as seeu in nature 
on one slide, and the pollen alone upon another. The 
former should be taken irom the flowers before their fall 
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development is attained, as, if overgrown, they lose much of 
their beauty. Some pollens are nauiraily so dark that it ia 
necessary to mount them in Canada balsam or fluid, as 
described in other places ; but they are better mounted dry 
when they are not too opaque. 

Here we may also mention the sk'kiis of many plants as 
most interesting, and some of them very beautiful, objects, 
requiring for the [{renter pi, it I at a low power to show them. 
Most of these arc to bi? mounts] dry, an opaque objects, in 
cells suited to them, but some are best seen in balsam, and 
will be mentioned in Chapter IV. 

The Corallines, many of which are found on almost every 
coast, afford some very valuable objects for the microscope. 
They must be well washed when iirst procured, to got rid of 
all the salts of the sea-water, dried and mounted in cells 
deep enough to protect them from all danger of pressure, 
as some of them are exceedingly fragile. The white ivory 
appearance which some of them present in given to them by 
an even covering of carbonate of lime; and should it be 
desired to examine the structure of those more closely, it 
may be accomplished by keeping them for some time in 
vinegar or dilute ninriatic acid, which will remove tho lime 
and allow of the substnsioe being sliced in the same way as 
other Algya. ("Mierographic Dictionary," p. 183.) 

The Scales ob Insects. — The fine dust upon the wings 
of moths and butterflies, which is so readily removed when 
they are handled earuies-ly, is what is en,' led the scales. To 
these the wing owes tho magnificent colours which so often 
are seen upon it : every particle being what may be termed a 
distinct flat feather. How these are placed (somewhat like 
tiles upon a roof) may be easily seen in the wing of any 
butterfly, a few being removed to aid the investigation. 
Their form is usually that of the battledore with which 
the common game is played, but tho handle or base of the 
scale is often short, and the broad part varies in propor- 
tionate length and breadth in different specimens. The 
markings upon these also vary, some being mostly composed 
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are produced by light reflected from minute scales with 
which the insects aro covered. 

In mounting these objee'.:s for the microscope it is well to 
have the part of the ir.seel from which tlic scales are usually 
taken as a separate slide, so that the natural arrangement 
of them may be seen. This is easily accomplished with the 
wings of butterliies, gnats, ite, ; as they require no extra- 
ordinary care. Iu mounting the acuTcs they may be placed 
upon slides, by passing the wind's over the surface, or by 
gently scraping the wing upon the slide, when they must be 
covered with the thin glass. Of course, the extreme tenuity 
of these objects does away with the necessity of any cell 
excepting that formed hy the gold-size or other cement used 
to attach the cover. The scales of the podura should be 
placed upon the slide in a somev.'iat dili'ereni manner. This 
insect is without wings, and is no longer than the common 
flea. It is often found ainor.gsi the suwdiist in wine-cellars, 
continually leaping about by the aid of its tail, which is 
bent underneath its body. Dr. Carpenter says : — " Podurte 
may be obtained by sprin'dins a little oatmeal on a piece 
of black paper near their haunts; and after leaving it there 
for a few hours, removing it ea.iv fully to a large glazed basin, 
so that, when they lean from the paper (as they will when 
brought to the light), they may fall into the basin, and may 
thus separate themselves from the meal. The best way of 
obtaining their scales, is to con;': no several of them together 
beneath a wine-glass inverted rj on a piece of fine smooth 
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paper; for the scales will become detached by their leaps 
against the glass, and will fall upon the paper." These 
scales are removed to the slide, and mounted as those from 
gnats, &b. When the podura has been caught without the 
aid of meal, it may be placed upan l In; slidi;, under a test- 
tube, or by any other mode of confinement, and thus save 
the trouble of transfer from the paper before mentioned. 
Another method is to seize the insect by the leg with the 
forceps and drag it across the slide, when a sufficient quan- 
tity of scales will probably be left upon it. 

Mr. l[i:I.ntyre m-ooures the scnlos in the following man- 
ner : — Ho mates what he terms a breeding -cage, by taking 
apiece of platc-sjlsn-s funr ineVs hing !..y two inches wide, 
and over this places a few sheets of LI oiling -paper. Upon, 
these he lays a sheet of cork about a quarter of an inch 
thick, with a circle cut ont of the centre one inch wide. 
This gives a kind of bos, which he covers with glasa, kept 
firm by two elastic bands. He says :— " After capturing 
the insect by means of a tube and si camel-hair pencil, I let 
it remain, for some days in- oue of the breeding- cages, into 
which I always transfer the ncivly-enught podura, until it 
has changed its skin ; then I stupefy it with chloroform, 
and drop it out on to a thin glass cover ^previously cleaned) 
and with a very clean needle-point roll it backwards and 
forwards upon the cover till sufficient scales are removed. 
A very light pressure h indispensable, so as not to squeeze 
out any of the insect's fluids." 

These scales arc usually mounted dry; but Hogg re- 
commends the use of Canada balsam (Chapter IV.) as ren- 
dering their structure more definite v.dien illuminated with 
Wenham's parabolic reflector. Some advise other methods, 
which will be mentioned in Chapter V. As most insects 
when undissected are mounted in Canada balsam, the dif- 
ferent modes of treatment which they require will be stated 
in another place. 

In mounting blood of any kind to show the corpuscles, 
or, as they are often called. <jhla!::s, which are round or 
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oval discs, it is but necessary to cover the slide on the spot 
required with a coating as thin as possible and allow it to 
dry before covering with thin gbiss. There is a slight con- 
traction in the globules when dried, but not enough to in- 
jure them for the microscope. The shape of these varies in 
different classes of animals., but the size varies much more, 
some being many times larger than others. Perhaps it will 
not be oat of place to say a. few words concerning the detec- 
tion of blood. Wherever tin: slains are, they must be care- 
fully scraped away aud immersed for n few hoars in a weak 
solution of bichloride of mercury. With, a thin tube the 
more solid portion may then be removed to a glass slide and 
examined with a somewhat hig'i power. A slight knowledge 
of the microscopic appearance of hfood-discs will show us 
whether the suspicion of blood is correct. 

Some of the skins o ! ' hu'W: are beautiful objects ; but, like 
many sections of animal and other fragile matter, are diffi- 
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the slide to aid the drainage, and cover 
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other objects. The tails and fins of mi 


my small fish may 


be mounted in a similar manner, and s 


.re well worth the 
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A few objects which are best shown 


by mounting dry 


may be here mentioned as a slight f^ii 1 


le to the beginner, 


though some of them have been before 


noticed. Many of 



tho Foraminifcra, as elsewhere described. 3ome crystals 
soluble in almost any fluid or balsam, and should be mounted 
dry; a few, however, deliquesce or effloresce, which renders 
them worthless as microscopic objects. 

The wings of butterflies, gnats, and moths will afford 
many specimens wherewith to supply the cabinet of the 
young student. A great variety of scales also maybe found 
amongst the ferns; indeed, these alone will afford the 
■■•tudent occupation for a long time. On the under-side of 
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the leaves are the reservoirs for the spores, which in many 
instances somewhat resemhle .-reeii volvct, and are arranged 
in stripes, round masses, and other forms. The spores are 
usually covered with a 'thin skin, which is curiously marked 
in some specimens, cjfl.cn very lite pollen-grains. The man- 
ner in which these spores -with all their accompaniments 
are arranged, their changes and developments, afford almost 
endless subjects lor study; dillerent feeus presenting us with 
many variations in this respect t-..;t:iily invisible without the 
aid of the microscope. The hymenophylhinis (of which- two 
only belong to England) are particularly interesting, and 
the structure of the leaves when dried makes them beautiful 
objects, often reaching no balsam to aid their transparency. 
Portions of the jn>:i':U of ferns slum Id be mounted as opaque 
objects, after having been dried between blotting-paper, 
when they are not injured by pressure; but care must be 
taken to gather then: at the: rirght l.inn-, :is they do not show 
their beauty before they are ripe, and if over-ripe the ar- 
rangement of the spores, <£c, is altered. The spores may 
bo mounted as separate objects in the same manner as 
pollen, before mentioned, and are exquisitely beautiful when 
viewed with a tolerably high power. The number of foreign 
ferns now cultivated in this country lias greatly widened 
the field for research in this direction ; and it may also be 
mentioned that the under-sides of many are found to be 
covered with scales of very beautiful forms. A small 
piece of the frond of one of these may be mounted in its 
natural state, but the removal of the scales for examina- 
tion by polarized light will he described in another place. 
The mosses also are quite a little world, requiring but a low 
power to show their beauties. The leaves are of various 
forms, some of which resemble beautiful net-work; tho 
" urns " or reservoirs for the spores, however, are perhaps 
the most interesting parts of these objects, as also of the 
liverworts which are closely allied to the mosses. These 
urns are generally covered by lids, which fall off when 
the fruit is ripe. At this period they are well iitted for the 
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may also be removed, and viewed with a higher power than 
when on the leaf, being so transparent as to require no.bal- 
sam or other preservative. 

There are few move intereM.in:* ol'ied.s than the raphides 
or plant-e-rysiale. These are far from being rare, but in 
Bome plants they are very minute, and consequently require 
care in the mounting, as well as a high magnifying power 
to render tlieni visible; in others they are so large that 
about twenty-live of them placed point to point would reach 
one inch. Some of these crystals are long and compara- 
tively very thin, which suggested the name {rapids, a 
needle); others are star-like, wiUi Inn;; and slender rays; 
while others again are of a somewhat similar form, each ray 
being solid and short. If the stem of rhubarb, or almost 
any of the hyacinth tribe, be brai-cil, so that the juice may 
flow upon the sliile, in all probability some of these crys- 
tals will be found in the fluid. To obtain them clean, 

i.l.ry itnii-it ha lived from ail ve;;e' ;; bio matter by maceration. 
After this they must be thoroughly washed and mounted 
dry. They are also good •p^" } '' i -< ii (i "bjeof.s, giving bril- 
liant colours; but when used for this purpose they must 
be mounted as described in Chapter IV. A few plants 
which, contain them may be mentioned here. The Cac- 
tacefo are very prolific ; the orchid:;, geraniums, tulips, and 
the outer coating of the onion, furnish the more unusual 

The Fungi are generally looked upon as a very difficult 
class of objects to deal with, but amongst them some oi 
the most available may be found. The forms of many are 
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very beautiful, but are so minute as to require a high mag- 
nifying power to show them. The mould which forms on 
many substances is a fungus, and in some cases may be 
dried and preserved in its natural state. A friend of mine 
brought me a, n^e-bnsh completely covered with a white 
blight. This was found to be a fungus, which required a 
high magnifying power to show it. Being a very interesting 
object, it was desirable to preserve it, and iJiia was perfectly 
effected without injury to the form by simply drying tiie 
leaf in a room usually occupied. Amongst the fungi are 
many objects well worth looting for, one of which ia the 
THa<;7i.f».a eleyans. This, ibe only specie*, says the Micro- 
graphic Dictionary, is found in .Kngland upon the living 
leaves of the lily-of-the-valley, Ae. These little plants grow 
in masses, reminding one of mo-ild, to a height of a quarter 
of an inch, and each "stem" is covered with a sheath, in 
shape somewhat like an elongated thimble. When ripe the 
Bhoath falls off and reveal* the sumo shaped column, made 
np of beautifully tine network, with the spores lying here and 
there. This dries well, and is a good object for the middle 
powers. Amongst the fungi the blights of wheat and of 
other articles of food may be included. Many of them may 
be mounted dry; oitiers, however, cannot be well pre- 
served except in liquids, and will be referred to in Chap- 
ter V. When rambling in a wood during the summer I sat 
down upon the fallen trunk of a tree, and here and there a 
few minute white spots oam_;ht my eye. I took my Cod- 
dington lens from my side-pocket and applied it to these. 
Judge of my surprise when I found each white speck a 
distinctly formed fungus resembling in size and form, to an 
amusing similarity, a disc of the arachnoidiscus. They were 
already dry, and I mounted them as ordinary dry objects ; 
and hitherto no change ban taken place which I can detect. 
Amongst the zoophytes and sea-mats, commonly called 
sea-weeds, may be found very many interesting objects to 
be mounted dry. When this mode of preservation is used, 
it is necessary that all the sea-salt he thoroughly washed 
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from them. As they arc, however, most frequently mounted 
in balsam or liquid, they will be more fully noticed in other 
place.. 

The scales of J'sIicb arc- generally mounted dry when 
used as ordinary objects; but for polarized light, balsam or 
liquid must be used, as noticed in Chap tar IV. To mount 
a fish-scale, however, in a sutisfiietcry manner, care must be 
taken that it is perfectly clean. This can be accomplished 
only by careful washing, in which process soft camel-hair 
penclla will often be useful. When the slime or mucus has 
once dried, it is very difficult to remove. The variety and 
beauty of these are quite surprising to the novice. It is 
also very interesting to procure the skin of the fish when 
possible, and mount it on a separate slide to show how the 
scales are arranged. The sole is one of the most unusual 
forms, the projecting- end of each scale being covered with 
spines, which radiate from a common centre, while those at 
the extremity are carried out so mew Si at resembling- the rays 
of a star. One of the ^hates has a spine ] ■roiectlng from the 
centre of each scale, which is a very curious opaque object, 
especially when the skin in mounted in the manner described. 
The perch, roach, minnow, imd others of the common fishes 
give the student good objects for his cabinet, and may be 
procured without difficulty. The scale of the turbot is a 
splendid object for (.he polarisoop.:; when mounted in balsam. 

Insects which are very transparent, or have the " metallic 
lustra" with which any medium word J interfere, are mounted 
dry. The diamond-beetle, before mentioned, is a splendid 
example of this; the back is generally used, but the legs, 
showing the curious feet, are very interesting objects. In- 
deed, amongst the legs and feet of insects there is a wide 
field of interest. "When they are of a homy nature, it is 
best to dry them, in any form preferred, but to use no 
pressure; when, however, they are wanted flat, so as to 
show the feet, Ac, extended, they must be dried with a 
gentle pressure betwixt blot ting-paper it possible. But this 
will be treated more fully in Ch?.pt or IV, 
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The eyes of insects arc sometimes si"ov,-ecL to dry in their 
natural shape, and mounted :-.-\ oj jflc^U:; objects; but generally 
they are used as transparencies in balsam or liquid, so the 
description of the treatment which they require will be 
deferred to Chapter IV. 

Hairs, when not too dark, are sometimes transparent 



enough when mo 


anted dry, but arc usually mounted in 


balsam. These w 


ill be more fully noticed in another place, 


but there are aom 


o without which no cabinet is doomed in 


anywise complete. 


Many different species of bats, En 2 !ish 


and foreign, prese 


at us with hairs the form of which we 


should never havi 


} dared to imagine without microscopic- 


aid. Other curio 


al] objects are found in the antenna; 


of crabs. You cai 


i also readily know whether you are being 


deceived when yot 


i buy what you deem a real sealskin or 


sable. From som 


e of the common caterpillars I have ob- 


tain eel exquisitely 


beantifb! slides, and a kangaroo is a true 


friend to an object 


-gatherer. 


The hair of the 


c-i'iiithorliynchus is a very curious object, 


bavina '•' thin plac 


e in the middle of its length, and so pre- 


Senting somewhat the appearance of a flail. 


These are a few of the objects which are often mounted 


dry, but some of them should bo shown in balsam or liquid 


also, and there is 


much difference of opinion as 1.0 the best 


way of preserving 


others. This, however, is explained by 


the fact, that the 


transparency which balsam gives, inter- 
''Oiu'rt.v ei' the obiect and yet i.e'veler^ 






another which wo 


aid have remained invisible if preserved 


dry. The only m 


ethod of overcoming this difficulty is to 


keep the object mo 


anted in both ways, which is comparatively 



little trouble. 

I may here mention that many prefer the lieberknhn 
for the illumination of opaque objects; and a good bock- 
ground is gained by putting upon the under-side of the 
slide, immediate!)' beneath the object, a, spot of black varnish, 
which does not interfere materially with the light. 
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CHAPTER IV. 



TlIB nature and use of. this substiince lias been before spoken 
of, bo that the method of working with it may be at once 
described. 

Perfect dryness of the objects is, if possible, more neces- 
sary in this mode of mountim; than any other, as dampness 
remaining in the object "-ill assuredly cause a cloudiness to 
make its appearance in a short time after it is fixed. "Where 
pressure docs not injure the specimens, they are most suc- 
cessfully treated when first dried betwixt the leaves of a 
book, or in any other way which may prove most convenient, 
as noticed in Chapter III. 

Before describing the methods of proceeding with par- 
ticular objects, general rules may lie givc-n which should be 
observed in order to succeed in this branch of mounting. 

As the object is to be thoroughly immersed in the balsam, 
it is evident that when it has once been covered, so it must 
remain, unless we Li-gain tree it by a process hereafter men- 
tioned, which is very troublesome ; and on this account there 
must be nothing whatever in the balsam except the object. 
The inexperienced may think this an unnecessary caution; 
but the greatest difficulty he will meet with is to get rid of 
minute bubbles of air, perhaps invisible to the naked eye, 
which appear like small globule-, when under the microscope, 
and render the slide unsightly, or even worthless. Balsam 
dissolved in benzole will be found invaluable in mounting 
without air -bubbles ; if a few are left in the specimen, by 
the next morning they will have entirely disappeared. In 
making this solution the balsam should he first boiled 
gently till on dropping a small quantity into water it is 
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found to bo as liavd as resin, the soften ed and warm solution 
may be now poured into a bottle, and when cool the benzoic 
added in sufficient quantity to make it of a desirable thick- 
ness. -Ten objects out of eleven contain air, or at least aie 
full of minute hobs which are necessarily filled with it; so 
that if they should he immersed in any liquid of thick 
consistency, these cells of air would be imprisoned, at.d 
become bubbles. The air, then, must be removed, and this 
is usually accomplished by sealing for some time in turpen- 
tine, the period required diile-riug according to the nature oi 
the object. In some cases, the turpentine acts upon the 
colour, or even removes it altogether, so that it must bo 
watched carefully. Often, however, this is an advantage, 
as where the structure alone is wante;!. the removal of the 
colouring matter renders it more transparent. There are 
objects, however, which retain the air with such tenacity 
that soaking alone will not remove it. If these will bear 
heat without being injured, they riwii be boiled in f nrpentine, 
or oven in balsam, when the air will be partly or totally 
expelled. But where heat is objectionable, they must bo 
immersed in the tarpon tine, and so submitted to the action 
of the air-pump. Even with this aid, sometimes days are 
required to accomplish it perfectly, during which time the 
air should be exhausted ;it intervals of five or six hours, if 
convenient, and the objects turned over now and then. 

Many complaints are made concerning turpentine, both 
as to its cleanliness and penetrating power. Most of these 
spring from the fact that few substances in the market vary 
so much as turpentine in. purity ; all sorts of rubbish, aro 
sold under this n:\rae, and r.ow hcn/ole is employed by many 
in all cases where turpentine a.Ione was once used. 

Sometimes tho objects arc so minute that it is impossible 
to submit them to any soaking, and in this case they must 
bo laid upon the slide at once, and the turpentine applied 
to them there. But it must not be forgotten that there are 
some few which are much better mounted in such a way 
that the balsam may thoroughly surround, and yet not 
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penefoaie, the substance more than necessary. Sections of 
teeth are amongst these, but they will bo noticed in another 
place, and some insects (see Dr. Carpenter} when required 
to show the ramifications of the tracheae. 

Uaviiitv freed the objeet, then, from those two enemies — 
dampness and air — wo now proceed to mount it. 

The slide must first be olcauert ; then on the centre a 
quantity of balsam must be placed with a bluntly -pointed 
glass rod, according to tho size of the object about to be 
mounted. To this a slight heat must be applied, which 
will cause any bubbles to rise from the surface of the slide, 
so that they may be readily removed with a needle. The 
object having been freed from nil air by steeping in turpen- 
tine, as before described, and theu from superfluous liquid 
by a short drainage, or touch upon blot ting-paper, is to be 
carefully laid 'upon, or where it in practicable thrust into, 
the balsam just prepared on tho slide. In the former 
ease, or where the balsam has not totally covered the object, 
a small quantity must be taken, warmed, and dropped upon 
it, and any bubbles removed by the needle as before. To 
cover this, the thin glass must be warmed, and beginning 
at one side, allowed to fall upon the balsam, driving a 
small " wave " before it, and thus expelling any bubbles 
which may remain. This is quite as safely performed (if 
not more so) by mulling a solution of hiilaarn in turpentine 
of the consistency of thick varnish or by the use of chloroform 
and balsam, as mentioned in Chapter II. The thin glass cover 
may be slightly coated with this, and will then be much 
less liable to imprison any air, which frequently bappens 
when the cover is dry. Bubbles, however, will sometimes 
make their appearance in spite of all care; but when the 
object is comparatively sirons, they may be removed by 
keeping the elide rather warm, and working the cover a 
little, so as to press them to one side, when they should be 
immediately removed with a needle point, otherwise they 
are again drawn under. 

Where tho slide requires Ireepim-; warm, for any length, of 
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time, a hot-water Ixdk is sometimes made use of, which is 
simply a flat tin. Or other mttnl ease, with a mouth at the 
side, that when tin 1 hot water is introduced it may be dosed 
up, and so retain iis warmth for »■ long time. An excellent 
bath may be made of an ordinary water-plate — costing 
about Is. 9d. This may be filled either with hot water or 
sand, and if to it he added a flat Lin cover such as is used 
in eating-houses, costing about fid. — a very effectivo oven 
for baking slides is the result. It may be placed on the 
hob, or over or near any source of heat. It is easy to add 
a thermometer if necessary. In working, the slide is laid 
upon it, and so admits of longer operation ft, when required, 
without growing cold. Sometime a. spirit-lamp is placed 
tinder it to keep up an. equal. h«;;t through exe.i'jsivoly hnig 
processes. Where the time required, however, is but short, 
a thick brass plate is sometimes used (see Chapter II.), 
which may be healed to any decree that is required, the slide 
being previously placed upon it. 

Some objects, which are so thin that they are usually 
floated upon the slide, as before stated, require no steeping 
in turpentine or other liquid. These are best mounted by 
covering with a little dih<i' ! d bslsam, and ;i.;'ter this has had 
time to penetrate the substance, ordinary balsam is laid 
upon it, and the slide 1'inishrd in the usual manner. 

I have stated that balsam is usual'y applied to the slide 
and objects with a bluntly-pointed ghsss rod; hut for the 
purpose of drawing the balsam from the bottle, and convey- 
ing it to the desired place, Dr. Oarpeuter uses a glass 
syringe with a free opening. These are his instructions : — 
"This (the syringe} is most readily filled with balsam, iu 
the first instance, by drawing out the piston, and pouring 
in balsam previously rendered more liquid by gentle warmth; 
and nothing else is required ta enable the operator at any 
time to expel precisely the amount of balsam lie may require, 
than to warm the point of the syringe, if the balsam should 
have hardened in it. and ta apply a very gentle heat to the 
syringe generally, if the piston should not then be readily 
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pressed down. When a number of balsam objects are being 
mounted at one time, ibe advantage of this plan iu regard 
to facility and cleanliness (no superfluous balsam being 
deposited on the slide) will make itself sensibly felt," but 
the collapsible metal capsules are certainly the best and 
most easily managed. 

When the mounting ha3 been thus far accomplished, 
the outer wall of balsam may be roughly removed after a 
few hours have elapsed; but great care is necessary lest 
the cover "be moved or disturbed in any way. In this 
state it may be left for the final cleansing until the balsam 
becomes hard, which takes place sooner or later, according 
to the degree of warmth to which it has been subjected. 
Many advocate baking in a slow oven to accelerate this 
drying; but with some objects even this heat would, be 
too great, and generally :i mantel-piece, or other p'ace 
about equal to it in temperature, is the best suited 
to this purpose ; and when the requisito hardness is 
attained, the slide may be finished as follows : — With a 
pointed knife the balsam must be scraped away, taking care 
that the thin ghiss be not cracked by the point getting 
■wider it. If used carefully, tho knife will render the slide 
almost clean; but any minute portions which still adhere 
to the glass must be nibbed with linen Hipped in turpentine 
or spirit. If the balsam is not very hard, these small 
fragments are readily removed by folding a piece of paper 
tightly in a triangular form with many folds, and damping 
the point with which the glass is rubbed. As the paper 
becomes worn, with the friction, the balsam will be carried 
off with it. In some cases I have found this simple ex- 
pedient very useful. 

Sometimes the object to be mounted is of such a thick- 
ness as to require a cell. iFor this purpose glass rings are 
used (as described in Chapter V.\ and filled with balsam. 
The best mode of doing this is thus described by Mr. T. 8. 
Ralph in the Microscopic Jurrafii.— -"The question was 
asked me when I was in England, if I knew how to fill a 
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cell with Canada balsam and leave behind no air-bubbles ? 
I replied in the negative ; hut now I can state how to 
accomplish this. Fill the cell with clear spirit of turpentine, 
place the specimen in it, have ready some balsam just fluid 
enough to flow out of the bottle when warmed by the hand; 
pour this on the object at one end, and gradually inclining 
the slide, allow the spirit: of turpentine lo flow out on the 
opposite side of the cell till it is full of balsam ; then take 
up the cover, and carefully place upon it a small streak of 
Canada balsam from one end to the other. This, if laid on 
the cell with one eds::« first, and then gradually lowered 
until it lies flat, will drive all the air before it, and prevent 
any bubbles from being included in the cell. It can be 
easily pat on so neatly aa to require no cleaning when 
dry. If the cover be pressed down too rapidly, the balsam 
will flow over it, and require to bo cleaned off when 
hardened, for it cannot be done safely while fluid at the 

Sometimes with every care bubbles are enclosed in the 
balsam, injuring object.? wbi-.h are perhaps rave and valuable. 
If the object will not bo injured by heat, carefully warming 
the slide over a lamp will often set loose and remove these 
pests; but should beat be objection nolo, or the bubbles too 
closely imprisoned, the whole slide must, bo immersed in 
turpentine until the cover is removed by the solution of the 
balsam; and the object must be cleansed by a similar steep- 
ing. It may then be remounted as if new in the manner 
before described. 

The balsam and chloroform described in Chapter II. is 
thus used; and where the object is tliiu, the mounting is 
very easily accomplished. "When the object is laid upon the 
slide with a piece of glass upon it, and the balsam and 
chloroform placed at the edge of the cover, the mixture will 
gradually flow into the space betwixt the glasses until the 
object is surrounded by it, aud the unoccupied portion filled. 
The chloroform will evaporate so quickly that the outer edge 
will become hard in a very short time, when it may be 
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cleaned in the ordinary way. Sometimes the balsam is 
dissolved in the chloroform without being first hardened ; 

hut this is only to render it more fluid, and so give the 
operator less chance of loavin;; 1 babbies in the finished slide, 
as, the thicker the. medium is, the move diihcult is it to get 
rid of theso intruders. 

It has been before noticed that somo have objected to 
chloroform and balsam, believing that it became clouded 
after a certain time. Perhaps this may be accounted for 
in part by the fact that almost all objects have a certain 
amount of dampness in them. Others are kept in some 
preservative liquid until the time of mounting, and these 
liquids generally contain certain salts (Chapter V.). If 
this dampness, as well as all traces of these salts, however 
small, are not totally removed— the former by drying, the 
latter by repeated wsishinss— the addition of chloroform 
will render the balsam much mere liable to cloudiness than 
when balsam alone was used. It may safely be affirmed that 
benzole will be found in all cases a more valuable solvent for 
Canada balsam than chloroform. ■ 

This mode of employing the ha'ssim, hoivever, will not be 
always applicable, us ?M<:,rof<)Yv,i nets upon some substances 
on which balsam ait;„i<! docs not. Some s;;lt:s are even soluble 
in it, the crystal? appearing after a few days or weeks, 
whereas in balsam alone they are quite permanent. Ex- 
perience is the only guide in some eases, whilst in others a 
little forethought will ho. all t,hnt is required. 

The particular methods used for certain objects may now 
bo entered upon, Many of the Diatomacese and fossil 
Infusoria, as they nre. hoii retimes termed, si.ru mounted dry, 
and cleaned in the way described in Chapter 111. Others 
are almost always placed in balsam, exeunt where they are 
intended to be used with the liebertuhn and dark hack- 
ground, by which means some of t-iiein arc beautifully shown. 
The usual way of mounting them in balsam is as follows : — 
Take a drop of the water containing them, place it upon 
the slido, and evaporate over the lamp, whilst with a needle 
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they may "be dispei-snd over any space desired. When they 
are thoroughly dry, drop a little balsam on one aide, and 
exclude the babbles. The slide may then be warmed to 
such a degree that the balsam, by lifting the glass at one 
end, will be carried over the specimens, which may thei: 
covered with thin glass, made warm as bef 
Where the objects are quite u.vy, and loose upon the glass, 
it requires great care in placing the cover u|>on them, other- 
wise they are forced to one edge, m n.l to aether from under 
it, in the wave of the balsam. For this reason, Professor 
Williamson adds a few drops of gam-water to the last 
washing, which causes them to adhere sufficiently to the 
glass to prevent any such mishap. 

Mr. T. G. ByJuiiJs.'s. method differs in some degree from 
the above, and is, to nse his own words, as follows: — Thick 
balsam is preferable, and the burnt cuwrs (nee Chapter JIL) 
to be mounted are laid in a convenient position, with the 
diatoms upwards. The slides required having been care- 
fully cleaned and marked on the under side with a ring of 
ink about half ao inch in ilianietur by the aid of a turntable 
to point out the centre, a drop of benzole is applied by a 
large pin to the diatoms on the cover, so as to exclude the 
air from the valves and (histnles. The slide is then held 
over the lamp, and when warm, a sufficiently large drop of 
balsam is put upon it. and heated until it begins to steam. 
If small bubbles appear, a puff of breath removes them, 
The slide being held slightly inclined from the operator, and 
the drop of balsam becoming convex at its lower edge, the 
cover is brought, in coni.net with it at. that [joint, gradually 
laid down, pressed vjith the forceps, and brought to its 
central position. When cool the superfluous balsam (if 
any) is removed with a heated liuiiV-biu.de, the slide eleaned 
with a little turpentine, n.nd finished by %v ashing in a hand- 
basin with soap and water. In this process there is no 
delay if the balsam be siiniciovitly thie':, lis the slide may be 
cleaned off almost before it is cold. 

It is now well known that from common chalk it is a:; 
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easy matter to obtain interesting specimens of Foraminifera. 
Scrape a small quantity of chalk from the mass and shake 
it in water; leave this a few minutes, pour the water away 
and add a fresh qua.ntity, shake up ms before, arid repeat 
two or three times. Take a. liitle of the residue, and spread 
it upon the elide, and when quite diy, a.dd a little turpentine. 
When viewed wilh a power of two hundred and fifty dia- 
meters, this will generally show the organisms very well, 
If it is desired to preserve the slides, they may then he 
mounted in Canada balsam. Mr. Guyon, in "Eecreative 
Science," observes that, the HCcnmulation nt the powder, by 
the action of the rain or exposure to the at.;nospbcnc action, 
at the foot Or any pre; .-■(.■ lion of the chalk cliff's, will afford 
us better specimens than that which is scraped, as the 
orsriHiisins are less broken in tlie former. 

Take a piece of chalk, and with a soft tooth or nail brush, 
brush it under water, and then wash the sediment well till 
the water is not coloured, when the residue will be nearly 
all Foramioifera. 

The above is the moat, simple method of obtaining Fora- 
minifera from chi.uk, but is not so se.l.ii; factory when any 
number of perfect alidos is wanted for the cabinet. I shall, 
therefore, give addh ama.!. particidars from the experience of 
specimens of chalk s 
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a. lump of fresh chalk into pieees not larger than a walnut ; 
then' crush, hut not grin. J., lest you destroy the forms, inlo 
a coarse powder that will pass a, somewhat wide sieve. Tie 
this, as a pudding, in .1. si. out piece oi' calico. Drop into 
water and allow the bundle to become saturated, and then 
knead with the hands. This will expel a quantity of milky 
wa.ter. From time to time, ai'ler allowing the iluid to drain 
off, the cloth should he ur:l;.od, and reticd more closely to 
the mass; and when the eonter.iM are reduced to about one- 
third of their original bulk, all lsi-rye pieces of chalk, portio- 
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Africa and America. They ai'c usually mounted in balsam, 
but are equally biiaul.ifnl mounted dry, and used with the 
lieberkuhn. They require an much cave in cleaning as the 
Diatom acea;, but the process is a different one. Sometimes 
this is effected by simply washing until tbesy are freed from 
all extraneous matter ; but this is seldom as effectual as it 
should be. In the Mieroseogie Journal Mr. Furlong- gives 
the following method of ire fitment as the best he knows : — 
Procure— 

A large glass vessel with 3 or J, quarts of water. 

New tin saucepan holding 1 pint. 

2 thin precipitating glasses holding 10 oz. each. 
Take 3 oz. of dry Barbadoes earth (lumps are best), and 
break into rather small fragments. Put 3 or 4 oz, of com- 
mon washing soda into the tin and half fill it with water. 
Boil strongly, and having thrown in the earth, boil it for 
half an hour. Pour nine-tenths of this into the large glass 
vessel, and gently crush the remaining lumps with a soft 
bristle brush. Add soda and water as before, and boil again ; 
then ponr off the liquid into the large vessel, and repent 
until nothing of value remains. Stir the large vessel with 
an ivory spatula, let U stand for three minutes, and pour 
gently off nine-tenths of the contents, when the shells will be 
left, partially freed only, like sand. 

2nd Fkocess. — Put common washing soda and water into 
the tin as before, and having placed the shells therein., boil 
for an hour. Transfer to the large vessel as before, and 
after allowing it to .stand for one jv.ini.itu, pour off. Each 
washing brings off a kind of "flock," which seems to be 

3iu) PROCESS.— Pat the shells in a precipitating glass and 
drain off the water u:ilil no: more than J ty.. remains. Add 
half a teaspoonfal of bicarbi elate of soda, dissolve, iind then 
ponT in gently 1 oz. of strong sulphuric acid. This liberates 
the "flock," &c, and leaves the shells beautifully trans- 
parent. Wash well now with water to get rid of all salts 
and other soluble matter. 
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Some of the large shells are destroyed by tins method, 
but Done that are fib for microscopic use. Ad oblique light 
shows these objects best. 

These are sometimes treated in the manner described in 
Chapter III., where the diatoms are spoken of, but many 
forms are liable to be injured by this severe process. 

It has been before stated that some of the zoophytes may 
be mounted dry, and others examined as opaque or trans- 
parent objects according to their substance. They are very 
interesting- when examined in the trough whilst living, hut 
to preserve many of them for future examination they must 
be mounted in some preservative medium. Sometimes thin 
may be one of tho liquids mentioned in Chapter V., but 
if possible they should he kept in balsam, m there is less 
danger of injury by accident to this Hud of elide. This 
method of mounting presents some difficulties, but I think 
that all agree as to the trustworthiness of Dr. Golding 
Bird's information on the subject, which appeared in the 
Mv'rt'oscrtjwe Jiii'.rnal. Of fir..-, .-pace forbids me to give mora 
than a condensed account, but I hope to omit nothing of 
moment to the reader for whom these pages are written. 

After stating that there are few who are not familiar 
with these exquisite forma, and have not regretted the great 
loss of beauty they sustain in drying, be informs us that 
from their so obstinately retaining air in the cells and tubes 
when dried, it is banliv practicable to got rid of it; and they 
also shrivel up very sorior.sly in the process of drying. The 
following plaD, however, he has found almost faultless in 
their p reparation. 

To preserve them with extended (eriiacles, they should 
be plunged in cold fresh water, which hills them so ijuicliy 
that these are not. often retracted." The specimens should 
be preserved in spirit until there is leisures to prepare them ; 

* It has been stated t"i;it ihfi iicst nmtlioii of kil'Jr;; ?.i-u\ Isytes is to 
tlrnp alcohol, French brandy, or beir/.ole into liie sail water in which 
they arc pkeed ; as Jiis will cause nu retraction of tentacles if it ho 
dono gradually, 
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If, however, fhoy have been daM, they should be soaked in 
cold water for a day or two before being submitted to the 
following processes:- 

1. After selecting perfect meeimensnf suitable si/e, im- 
merse them in water heated to about 120°, and place them 
under the receiver of an air-pump. Slowly exhaust the 
air, when bubbles will rise and the water appear to be in a 
state of active ebullition. After a few minutes re-admit the 
air and again oxhaust, repeating the process three or four 
times. This will displace the air from moat, if not all, of 
the class. 

2. Remove the specimens and allow them to drain upon 
blotting-paper for a few seconds; then place them in an 
earthen vessel fitted with a cover, and previously heated to 
about 200°. This heat may be easily got by placing the 
vessel for a short time in boiling water, wiping it imme- 
diately before using, with a thick cloth. The specimens are 
then dropped into this, covered with the lid, and imme- 
diately placed under the receiver of the air-pump, and 
the air rapidly exhausted. By this meaus they are dried 
completely, and so quietly that the cells have no time to 
wrinkle. 

3. In an hour or two remove them from tho air-pump 
and drop them into a vessel of perfe-tlv transparent cam- 
phine. This may be quite cold when, the horny, tubular 
polypidoms, as those of the Sertnlnrise, are used ; but should 
be previously heated to 100 c when the calcareous, cellular 
Polyzoa are the objects to be presorted. The vessel should 
be covered with a wiitdi-gliiss ami placed under tho re- 
ceiver, the air being 1 esh-msti/d and re-iuhsiiited two or three 
times. 

i. The slide which is to receive the specimen, should he 
well cleaned and wanned so as to allow the balsam to flow 
freely over it. This must be iipplied in good quantity, and 
air-bubbles removed with the needle-point. Take the poly- 
pidom from the caiiiphine, drain it a little, and with the 
forceps immerse it fully in the balsam. The glass to be 
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kid upon it should he warmed and its surface covered with 
a thin layer of balsam, and then lowered gradually upon 
it, when no bubbles should be imprisoned. A narrow 
piece of card-board at c&eh end of the object, for the 
cover to rest upon, prevents any danger of crushing the 
specimen. 

This mode of mounting polypiihims, A,«., seems to give 
almost the complete bi!;:ui.y of ilio fresh specimens. They 
aro very beautiful objects when viewed with common light, 
but much more so when the polari/,er is used (in the manner 
described a little further On). 

To the above instructions there can be little to add; but 
I may here mention that some young students may not be 
possessed of the air-pump, and on this account put aside all 
search for those specimens which need little looking for at 
tho seaside. Many of these, bov/evor, though they lose some 
beauty by the ordinary mink of drying, will, by steeping for 
some time in turpentine, not only be* freed from the air- 
bubbles, but suffer so little contraction that they are a 
worthy addition to tho cabinet. 

Another class of objects is the spicula met with in 
sponges, &c. These are often rdn.ssdiko in appearance and 
of various shapes; many are found resembling needles 
(whence their name); some iron) the synapta are anchor- 
like, whilst others are star-like and of complex and almost 
indescribable combinations. As some of these are composed 
of siles and are consei-jnen'.ly r.ot, injured by the use of nitric 
acid, the animal suhstance may be removed by boiling them 
in it. Those, however, whie.li are calcareous must be treated 
with a strong solution of potash instead; but whichever 
way is used, of course they must !>f-:crwards be freed from 
every trace of residue by careful washing. 

These spicules may be often found amongst the sand 
which gonerally accumulates at the bottom of the jars in 
which sponges are kept by those who deal in them, and 
must be picked out with a camel-hair pencil. The speci- 
mens obtained by this means will seldom if ever require 
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any cloning process, as they arc quito free from animal 

In the former chnpecr wore iiu'. iced tliofu insecf.a or parts 
of them which are usually mounted dry. When they are 
largo and too opsone to admit of the dry treatment, they 
must be preserved in Cnnada balsam or fluid. The iirst of 
these iriny now be considered. 

It may he here mention ■:■('!, that with these objects much 
heat must not be employed, as it would in aomo instances 
give rise to a cl on din ess, and almost invariably injure them. 

In killing the insect, it is neecs-Liry not to rub or break 
any part of it. This may ha performed by placing it, in a 
small bos half filled wifh fraj.rmcr.ts of fresh laurel -leaves, 
by immersion in turpentine or strong spirit, as also in solu- 
tions of various poisonous salts. After which it may be 
preserved for some time in turpentine or other preservative 
liquid (Chapter V.) until required. As an assistance to the 
student, I believe that I can do no better than give him the 
plan pursued by my friend Mr. Ilepwcrtn, whose specimens 
are in every way salwactory : but v.-ht-n h:.s method is Used, 
the insects must not have been placed in turpentine for 
preservation : — . 

"After destroying the insects in chloroform or sulphuric 
ether (methylated being cheaper), wash them thoroughly in 
a wide-necked bottle, half-tilled, with two or three waters; 
the delicate ones n quiring great care. Then immerse them 
in liquid potash (or Tiroudish's solution, which is stronger 
than the usual preparation), and let them remain a longer 
or shorter time according to their texture. When ready to 
remove, put one by one into a small saucer of clear water, 
and with a camel-hair pencil in each hand press them flat 
to the bottom, holding the head and thorax with the left- 
hand brush, and applying pressure ivil-h the other from above, 
downwards, giving tin; brush a rolling motion, which gene- 
rally expels the contents of the alit.-iiien from the thorax. 
A minute roller of pith or cork ioiyiit be. used instead of the 
brush. In larger objects, use the end of the finger to flatten 
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them. Large objects require more frcqut tii; washing, as it is 
desirable to remove tin', potash thoro uglily, or crystals are 
a])t to form sifter mounting. Having placed them on the 
slides with thin glass covers, tied down with thread,* dry 
and immerse them in rectified spirits of turpentine; place 
the vessel under the receiver of an air-pump, and keep it 
exhausted until the turpentine has taken the place of the 
air-bnbblea ; they are then ready for the application of the 
halsam. Larger objects may often with a J vantage he trans- 
ferred to a clean elide, as (luring the drying there is con- 
siderable contraction, and an outline showing this often 
remains beyond tin: maiy.in. When closely corted, they may 
remain in the spirits two or three months. As you take 
them from the hottie, wipe as lunch terpentine off as possi- 
ble before removing the thread, and when untied carefully 
wipe again, placing the tinker on one end of the cover whilst 
you wipe the other, and vis.a versa. By this means you 
remove as much turpentine from under the cover as is 
necessary; then drop the balsam, thinned with chloroform 
(see Chapter II.;, upon the slide, letting the fluid touch the 
cover, when it will be taken in between the surfaces by 
capillary attraction ; and after pressing the cover down, it 
may be left to dry, or you may hold the slide over a spirit- 
lamp for a few seconds before pre->'h'e; down the cover. If 
heat is not applied, tiu-.v are much hinge-,- -In drying, but arc 
more transparent. If made too hot, the boiling disarranges 
the objects, and if carried too far, will leave only the resin of 
the balsam, rendering it; so brittle, that the cover is apt to 
fly off by a fall or any jar producim; snllicicnt concussion. 
Never lift the cover up, if possible, during the operation, as 
there is danger of admitting air. A few bubbles may appear 
immediately alter mo n.n tiny, but tliey gen w ally subside after a 
few hours, being only the chloroform or turpentine in a state 
of vapour, which becomes condensed." 

i, which will net bear transfer- 
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This method of preparing and mounting insects I can 
strongly recommend as giving fir^-rate results ; but where 
the specimens are small, they seldom need the soaking in 
caustic potash which larger ones must have. It is only 
necessary to leave thera awhile in turpentine, especially 
when they have in-irn first dried will) ycn'.Ic pressore between 
two glasses, and then mount with bakam in the ordinary 
way. With many, even of the larger insects, by soaking 
them in turpentine or oil of eloves for a longer time, they 
are made so muck mure transparent and even colourless, 
as to exhibit their internal organs (which are visible in 
layers, "by the aid of the binocular microscope), the muscles 
of the legs, &c. They become aLso wry beautiful objects for 
the polar' 
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divisions, each beW the oidcr surface of a separate portion 
termed the ocellus. In others these divisions are square; 
but in all there is a layer of dark pigment surrounding their 
lower parts. The ocelli may he partly removed from the 
eye, which will show bow ilieir til poring furms are arranged. 
But here we have to consider how to place them in balsam 
for preservation. The eye being removed from the insect, 
and tho dark pigment removed by the uso of a camel-hair 
pencil, must be allowed to remain in turpentine at least for 
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some days. The turpentine should then be renewed and 
the eye well washed in it just before it is to be mounted. 
It may then be set in bahiam in the same way as any other 
object; — but here a difficultly is met with. The eye being 
spherical upon the surface required, must necessarily be 
"folded" or broken in attempting to ila.tlcn it. This diffi- 
culty may be oi'teii overcome by cutting a number of slits 
round the edges; but some object to this mode of treatment, 
and, where it is practicable, it is much more satisfactory to 
mount one in the mitnral rounded form and another flat. 
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' potash, | 
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This will render thorn tran^i-ii-enl . Wash well, dry, and 
mount in Canada balsam. Instead of tho above, a weak 
solution of chloride of lime may be used, by which means 
the nerves will be well shown. Many, however, are rendered 
transparent enough by simply soaking in turpentine for a 
longer or shorter time. Where the antenna;, however, are 
"Plumose," or feather-like, extreme care is required in 
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mounting, though the difficulty is not so great as some seem 
to think. If they are tiret dvirjil with jjentle pressure, and 
then subjected to the action of the uir-pnmp in a small 
quantity of turpentine until the air is thoroughly expelled, 
they can be easily finished upon the slide, especially when 
balsam and chloroform are used. 

Insects supply us with another scrips of beautiful objeels, 
viz., the feat* These are sometimes simply dried and 
mounted without any medium, as before mentioned; but 
most of them are rendered much more fit for examination 
by using balsam in their ['reservation, as- it greatly increases 
their transparency. The smaller kinds may he dried with 
gentle pressure betwixt Wotting -pa per, and then immersed 
for some days in turpentine, without requiring the treat- 
ment with liquor potusste. This immersion will render them 
beautifully transparent, when they may be mounted in 
balsam, in the usual manner. 

It is, however, sometimes found difficult to fix the feet 
when expanded, in which state the interest of the object is 
greatly increased. Mr. Kalph recommends the following 
mode:—" First wash the feet, while the insect is yet alive, 
with, spirits of wine; then, holding it by a pair of forceps 
close to the edge of a clean piece of glass, the insect will 
lay hold of the upper surface by its foot; suddenly drop 
another small piece of glass over it, so as to retain the foot 
expanded, and cut it off with a pair of scissors, tie tip 
and soak to get rid of air." Mr. Hepworth says that he 
never found any difficulty in expanding the toot on a 
drop of water or well-wi : tlcd slide, nod laving a thin glass 
cover over it, tying with thread, drying, and immersing in 
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to protrude, when it must be l 


ieeured by the same means a 


the foot, and may be subjected to the soiling in tnrpentine 


and mounted as usual. The 


honey-bee is, however, ver; 


different in formation, and 


is well worth another slide 


indeed, even in insects of the i 


:ame class, the differences ar 


many and interesting. Thei 


e is another good friend t 


the Microscopic Cabinet, the 


largc water-beetle, " Thjtim 


marginalia" ,■ and he is by no 


means uncommon, as he ma- 


be met with in many old poi 


ids. If his wings are taken 


dried, and mounted in balsam 


, beautiful circles with crosse 


make their appearance whe 


n examined by the aid c 


polarized light. Bat what 


are commonly termed hi 


suckers are perhaps, his mo: 


it popular gifts. On his an 


terior legs will be found am 


all discs attached to centre 


members (making the whole ai 


i exact resemblance of a boy' 


sucker), which may be readily 


cut off, placed on the slid< 


and mounted in balsam. Th, 


; DyUe.iis also gives splendi 


examples of spiracles; but this will be mentioned wher 



dissection is treated of. 

Another worthy object of study is the respiration of 
insects, which h o i Fo rj to ■■! br tniciir;;i! or hollow tubes, which 
generally run through the bodv in one or more large trunks, 
branching out on every side. These terminate at the sur- 
face in openings, which are termed spiracles, or breathing 
organs. Tho trarfi'r:* oftun present the apoearauce of tubes, 
constructed of a spiral thread, somewhat resembling the 
spiral fibres of some plants. These are very beautiful 
objects, and are generally mounted in balsam, for which 
reason they are mentioned here; but as they evidently 
belong to the disabling portion, they will be fully treated of 
in another place. 

Amongst the p.i raailk: insects n. »:vat variety of micro- 
scopic subjects will be found. As these are usually small, 
they may be killed by immersion in spirit; of turpentine ; 
and, if at all opaque, may be allowed to remain in the 
liquid until transparent enough, and then mounted in 
Ui.,.,1 ;vii i balsam. 
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The acarida, or M-ik-s and /'■:■?,■.«, arc we'd known; none, 
perhaps, better than those wdneh are do often found "upon 
cheese. Flour, sngar, figs, and other eatables are much 
infested by them ; whilst the diseases called the itch in man, 
and the mange in animals, are produced by creatures 
belonging to this trior. These insects n.re sometimes mounted 
by simply steeping them in turpentine, and proceeding as 
with other insect?. The Aiiero^rapbh; Dictionary gives 
the following directions aw to mounting parts of these: — 
"The parts of the month and the legs, upon which the 
characters are usually founded, may be best made out by 
crushing the animals np:m a slide with a thin glass cover, 
and washing away the exuding substance with water : some- 
times hot solution of potash is renuisitr, wiili the subsequent- 
addition of acetic acid, arid further washing. When after- 
wards dried and immersed in Canada, ba.l.-am, the various 
parts become beautifully distinct, and may be permanently 
preserved." 

Feathers of different hinds of birds are usually mounted 
In balsam when required to show much of the structure. 
This is particularly inferestiri;; v.] en the feathers are small, 
as they then show the iimer substance-, or pith, as it may be 
termed, with the cells, &e. The "pinna?," or soft branches 
of the feathers, will he found of various eons (.ructions ; some 
possessing hooks along one side, whereby they fasten them- 
selves to their neighbours; others branching out, with 
straight points somewhat resrinblhis;' the hairs from certain 
caterpillars. But, of course, when the metallic-looking 
gorgeous colours are all that is required to be shown, and 
reflected light used (as with the feathers of the humming- 
bird, peacock, &c), it is much better that they should be 
mounted dry, as in Chapter HI. 

The seeds and polka of plants are most frequently 
mounted dry, as mentioned in Chapter III.; but the more 
transparent of the former, and the darker kinds of the hitter, 
are perhaps better seen, in Canada balsam. There is 
nothing par ticulav to bo observed hi the manipulation, except 
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that the glass cover must lie applied lightly, otherwise the 
grains may be crushed. There are some objects which 
cannot be shown in n perfect manner when mounted ■/.■_■/, 
hut when immersed in balsam become so very tniii.- parent 
that they ere almost useless. To avoid this, it has been re- 
commended to si a.! ri the objects any colour that may bo con- 
venient, and afterwards mount in balsam, in the ordinary 

Permanent dyes, however, for these minute objects are 
not so readily procurable. My friend Mr. Abbey showed 
me that what was permanent with vegetable matter of one 
kind was totally untrustworthy with another. The most 
useful that I have tried is Magenta, and the colour is a 
convenient one. "Whatever is used for this purpose should 
be in solution, and the object steeped for awhile and after- 
wards thoroughly washed, in order that no superfluous salt 
may remain. Tnere are many liquids now sold by every 
chemist which will help the student, in this respect. 

Most objects intended for the po'urisoop;' may bemounted 
in Canada balsam ; but there are some exceptions to this. 
Many of the salts are soluble in this medium, or their forms 
so injured by it, that glycerine or oil has to be used (see 
Chapter V-) : others must be left in the dry form, as before 
mentioned; and some few it is impossible to preserve un- 
changed for any length of time. Crystals, however, are 
amongst the most beautiful and interesting subjects for 
polarization.; slid it is very probable tiuit, by the aid of the 
polariscope, new and valuable facts are yet to be made 
known. For one who finds pleasure in form and colour, 
there' is a field here winch will only open wider upon him as 
he advances; and in-trad of being in anywise a merely 
mechanical occupation, it requires deep and careful study. 
The little here said on the subject will show this iu some 
degree. 

With almost every salt thy method of tv, , <ji:!ail\:,aUon must 
be modified to obtain the best forms ; I may even go further 
than this, and say that it is possible to change these forms 
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to an nil a degree that the eye can perceive no relationship 
to exist between them. If a solution of sulphate of iron be 
made, a small quantity spread evenly upon si. slide, and then 
suffered to dry whilst in a flat position, the crystals often 
resemble the fronds of the common fern in shape. But if, 
whilst the liquid is evaporating, it is kept in motion by 
stirring with a thin glass rod, the crystals form separately, 
each rhombic prism having its angles well defined, and 
giving beautiful colours with the polarized light. Again, 
pyro-gallie acid, when allowed to How evenly over the slide 
in a saturated solution, covers the surface in long needles, 
which are richly coloured by polarized light; but if any 
small portion of dust or other matter should form a nucleus 
around which these needles may gather, the beauty is 
wonderfully increased. A form very closely resembling the 
" eye " of the peacock's tail, both in form and colour, is then 
produced, which to one uninitiated in crystallography bears 
very little resemblance in die original crystal. From those 
simple facts it will be clearly seen that in this, as in every 
other department, study and experience are needful to give 
the best results. 

By dropping a saturated solution of any salt into alcohol 
— where it 1b not soluble in the alcohol— crystals are in- 
stantaneously produced, and the results are often very curious 
and beautiful. These crystals can easily be taken up by a 
pi pette — do posited upon a slide, and, after having been 
allowed to dry spontaneously — mounted in balsam. 

To obtain anything like uniformity in the formation of 
crystals upon the glass slide, every trace o: grease must be 
removed by cleaning with liquor potassie or ammonia? im- 
mediately before using, care also being taken that none of 
the agent is left upon the slide, otherwise it may in- 
terrupt and change their relative position, and oven their 

Amongst, those which sire generally esteemed the most 
beautiful, are the crystals of oxalurate of ammonia. The 
preparation of this salt from nrio acid and a 
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lather difficult process, and will not, on that account, he de- 
scribed hero; but when possessed, a small quantity of a 
strung Eolation in water must, lie made, and a little placed 
on the slide, and evaporated slowly. Part of the salt will 
then he deposited in circles with the needle-like crystals 
extending from common centres. They should then be 
mounted in pure Onuniiii balsam ; and, when the best colours 
are wanted, used with the Rilei.ili': plate. Of this class of 
crystal, salicine.is a universal favourite, and can he easily 
procured of most chemists. The crystals may be produced 
mall portion of the salt must be placed 
underneath nr.fil 
penlv and thinlv 
over the surface. In a short time tho crystals will 
md are generally larger than those procured by the 
og process; but the uncertainty is increased a little 
nsion is used, which, however, is desirable with many 
Secondly, make a saturated solution of salicine, 
is effected by boiling one part of the salt in eighteen 
er, and allowing it to cool. Place a little upon the 
md let it evaporate spontaneously, or with the aid of 
heat. The crystals are penctally uniform, and with 
ry powers quite large enough to make a beautiful 



There are also some salts which are crystallized in a some- 
what different manner from these before mentioned. Ban- 
totuine is one of the most beautiful, and will illustrate my 
meaning. Place a small portion upon a siide, and heat over 
a lamp until it is fused. With a hot needle spread the salt- 
over the surface required. A.s the slide cools, the formation 
of crystals takes place, until it becomes one mass. This 
salt is slightly soluble in the ordinary balsam, and should 
bo mounted in castor oil. If, however, the slide is well 
covered under the thin glass, the balsam soon becomes 
saturated, and very little injury results. According to the 
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temperature during crystallisation the character of the 
crystals is affected. If the fused suit is v<:ry hot, the crystals 
run in straight lines from a common centre. If the heat is 
(what I may term) medium, the crystals show concentric 
waves of very decided form. If the slide is cool, the crystals, 
still concentric, are exceedingly minute. The most beautiful 
crystals for the microscopist arc those formed at a tem- 
perature betwixt the second and third above mentioned, as 
the minute and wavy forms are then combined, and long 
feathery crystals are the result. As this method requires 
somo little practice, many cTystu'ilize the salt in a simpler 
manner, which I will give; but the variations obtainable 
by fusion give that mode the precedence. Dissolve a few 
grains of santonine in a drachm of chloroform, and drop the 
solution upon a glass slide. Allow the liquid to evaporate, 
and beautiful crystals will be the result. Mount as above. 

In fear of being sr'i»v.- l -i; iirvi testing to part of my 
readers, I feel as though I .-.Iio.mI re. he fulfilling my desire 
of giving every inform a'' r, ir" 1 oir.il ted to snow another 
method of crystalliza'.^.^. v.'hvh i u-.vice would cast away 
as a failure before lie '■ ■ ;■■ ' ■ ■' experiment. Tartrate 
nf soda-, made by neutra'..'lni: a -.!:■ •■■[ solution of tartaric 
acid by the addition of natbnoato of s da, is spread in solu- 
tion over a glass slide, a:ic. must bo then warmed, but not 
boiled. It must now be laid in a dry place, protected from 
all chance of dust. In time — from one or two days to as 
many weeks— some of the slid.' 1 * will prove beautiful objects, 
showing the cross form surrounded by rays. Some of these 
slides never crystalline, though T can find no reason for this, 
and oven the application of heat to i. Le-e calls out no decided 

Hippuric acid will be found most interesting to those who 
are fond of beautiful pokri^eopie eiieets, inasmuch as this 
salt is capable of giving an astounding variety in the forms 
of its crystals. Make a saturated solution ia absolnte 
alcohol, and use it warm; by dropping a small quantity 
from a warm pipette on to a warm slide a film will spread 
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over the slide ai;d crystals of a eireulav form will begin to 
appear, and way be modified by the atmosphere in which 
they are allowed to grow ; thus a, moist atmosphere or the 
reverse, an atmosphere of' vapour of ammonia, spirit, benzole, 
or sulphureous fumes, will euoh produce a different result, 

and the modifications thus pro'liico.i wili afford loud for very 
serious reflection on the changes one salt may be made to 
assume in contact with other agents. These crystals are 
best mounted in castor oil— balsam that is very liquid- 



field affording new facts and beauties ; but requires some 
chemical knowledge and much perseverance to obtain very 
valuable results. One of the most beautiful I have met 
with has been composed of svuijliate of eooper and sulphate 
of magnesia. The flower-like forms and uniformity of 
crystallization when successful make it well worth a few 
failures at first ; and as I became acquainted with some new 
facts in my frequent, trials, L will give the preparation of the 
double salt from the beginning. 

Hake a satura.tod solution of the two sulphates, combined 
in the proportion of three parte copper to one part mag- 
nesia, and then add to the solution one-tenth of pure water. 
No dust or other impurities should have n.ocess to the slide, 
and it should be freed from all traces of grease by cleaning 
immediately before use with liquor po'ass;-,; or ammonias. A 
drop of the solution .should then be placed upon it, and by 
a thin glass rod spread evenly upon the surface. Heat 
this whilst in a, horizontal position rmtil the salt remains as 
a viscous transparent substance, wliieh will not be effected 
until it is raised to a high degree. The slide may now be 
allowed to cool, and when this is accomplished, the flower- 
like crystals will lie perceived forming here and there upon 
the plate. When these are at any stage in. which it is 
wished to preserve them, a few seconds' exposure to the fire. 
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as warm as the hand can comfortably bear, will stop the 
expansion, when tin; portion which we wish to mou at should 
be cut oft' from the mass of salt by simply scratching- the 
film around, arid pure Oariiuh). balsam with the thin glass 
used. Breathing upon the film, or allowing the slide to 
become cold and at true '., the moisture from the atmosphere, 
will cause the crystallisation to extend, and. sometimes 
greatly rob the effect ; so it is necessary to mount quickly 
when the desired forms are obtained. As the crystals are 
very uncertain as to the plaee of their formation, I may 
here mention that they may be ;;ot in any part of the slide 
by piercing- the film with a needle-point ; but in some degree 
this necessarily interferes with the centre. Into the cause 
of this we have no need to enter here, and as it has been 
elsewhere discussed, J can only ipvo the above directions, and 
say that there is a e;roat iield in this branch of study which 
the microscope alone has opened. 

It would he useless to enter into particulars respecting the 
various salts and treatment they m-juho, as a great differ- 
ence is effected even by the strength of the solution. There 
are some crystals, also, which are called forth in insulated 
portions, showing no formation upon the ground; but even 
when mounted in any preserving fluid, and unchanged for a 
year, a new action seems to arise, and a groundwork is pro- 
duced which bears little resemblance to the original crystal. 
Sometimes this new i.'onuation adds to the beauty of the 
slide ; in other cases 'die reverse is the result, the slide being 
rendered almost worthless. This action, T believe, frequently 
arises from some liquid being contained in the balsam or 
other mounting medium u.soo. ; and this is rendered the more 
probable by the erystidli^a'.ion being ended forth in an hour 
after the balsam diluted with chloroform is employed, 
whereas no change would have i.uhen nlaee. for months (if at 
all) had pure balsam been ased. 

Sections of some of the salts are very interesting objects ; 
but the method of procuring ti'e.-e raid Uieir nature will be 
described in Chapter VI, 
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Few objeeta are more beautiful with polarized light 
than young oysters. Good colours and a decided crcsa 
ara given by them when well prepared. The following is 
the method pui'siu'd by Mr. Il.uny T.co: — Having found a 
" black-sicit " oyster Jto us'j the dredge men's term), the spawn 
of which is quite mature and ready for extrusion, pour off 
from the shell the (lurk slate-coloured i'uid into a. long 
narrow two-ounce phial; fill up the "bottle with distilled. 
water; shake it gently; allow the deposit to settle, and 
change the water two or three tin-.ef , repeating the agitation 
to get rid of the salt. Then substitute for the water liquor 
potaaste, diluted with equal quantity of distilled water. 
Allow the young oysters to remain in this for two days, 
agitating occasionally; una as often as the liquid becomes 
discoloured pour it off, and renew the same until no colour 
is given off and the shells are seen to be thoroughly cleansed 
from all animal matter by their sinking freely and rapidly 
to the bottom. When this stage is arrived at, stop the 
process, that the two valves of tin; shells may not bo sepa- 
rated by the destruction of the hirn;c. Wash repeatedly in 
distilled water, to remove all trace of alkali, and finally wash 
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The eel affords a boitutiful ob[eet for this purpose. The 
ealea are covered by a thin skin, which may be slightly 
aiacd with a knife and then torn off, in the same manner 
s the covering of the geranium rtiid other petals, described 
a Chapter III. The required portion may then be. removed ; 
r if a piece of akin can be procured as stripped off in 
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cooking, tie scales may be easily taken from the inner 
surface. They must then be washed and thoroughly 
cleaned. After drying, soak for a day in turpentine, and 
mount in the ordinary manner with balsam. This is a 
good polarizing object; but the interest, and I think the 
beauty, is increased by procuring a piece of eel's skin with 
the scales in eilu. washing and drying under pressure, and 
mounting in balsam as before. The arrangement of the 
scales produces beautiful " waves " of colour, which arc 
quite soothing to the eye after examining some of the very 
gorgeous salts. 

There are many scdes of iish which are good subjects for 
the polariscope when mounted in balsam ; but as they re- 
quire no particular treatment, they need no mention by 

Among hairs we find some which are beautiful when 
mounted in balsam and examined by polari/ed light. Some, 
when wanted as common objects, are always used dry, as 
before mentioned ; but if they are intended to be shown as 
polarizing objects, they mnst be placed in some medium, 
The Micrographic Dictionary mentions a mode of making 
an interesting object by placing two series of white horse- 
hairs at an angle, mounting in balsam, and using with the 
polariscope. All hairs, however, must be steeped in tur- 
pentine for a short time before mounting, as they will thus 
be rendered cleaner and more transparent. When this is 
done, there is no difficulty in mounting them. 

Many of the "tongues" of fresh-water . and marine 
mollusca are deeply inlorestinj; and most beautiful objeota 
when examined by nolari/.cd li-ht. As these are usually 
mounted in balsam, T mention them in this place; but as 
they must ba removed from the animals by dissection, 
particulars respecting them will not be entered into until 
we come to tho part in which that operation is described 
(Chapter YL). 

The manner of preparing and mounting many of the 
Polyzoa and Zoophytes has been before described ; but any 
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notice of polarwvng objects would be incomplete without 
some allusion to them. A small piece of the JFhwtra 

avicularis, well prepared, is bean'.iful v.lieil examined in 
this manner. No selonite is needed, and yet the colours 
are truly gorgeous. It is often met with upon shells and 
zoophytes of a large size, and will well repay the trouble 
of searching for. Many of the Mei'tulai-:d;o are very beau- 
tiful with, polari'/ed 1 if; lit, and, indeed, no ramble upon the 
seaside need ho fruitless in this direction. 

The' different starches are quite a study in themsolves, 
and arc peculiarly connected with polarised light. They 
Lire found in the cellular tissue of almost every plant in 
small white grains, which, vary considerably in size; that 
from the potato averages one- three -hm id red tli of an inch in 
i-imncfcr, and that from arrow-root about one- d::-liunJredtli. 
To procure starch from .any plant, tlio tc\ture must first be 
broken np or ground coarsely ; tlie muss of matter must be 
then well washed in fi'enily-hWiug water, and, as all starch 
is totally insoluble in cold water, the grains are carried oil 
by the current and deposited where this is stayed. In pro- 
curing it from the potato, as well as many other vegetables, 
it is hut necessary to reduce too substance- to a coarse pulp 
by the aid of a culinary grater; the pulp should then be 
well agitated in water, and allowed to rest a Bhort time, 
when the starch will be found at the bottom, its lighter 
colour rendering it, i::i!<i!y d^iiiguishabie from tlio pulp. It 
should, however, be willed through two or three waters to 
render it perfectly clean. 

These grains have no oryit.ai'iirie si rue!. are, hut present a 
very peculiar appearance when examined with polarized 
light. Each grain shows a dart cross whoso lines meet at 
the point whero it was attached to the plant, called the 
kihtrii. Bound the grain also a aeries of lines is seen, as 
though it were put together in plates. ■ This is more dis- 
tir.etly visible in some kinds than others. 

As to the mounting of these siatvhes' there is little to he 
said. If the grains are laid upon tec slide, and as small a 
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portion as possible of the balsam diluted with turpentine, 
as before mentioned, be applied, they will cling to the glass 
mid allow tlie pure balsam to How readily over tbeni with- 
out being so liable to imprison air-bubbles when the thin 
glass is put upon them. 

The raphides, which were fully described in Chapter III., 
when required for use with polarized light, must be mounted 
in balsam, and many are found which give beautiful Colours. 

They require no peculiar treatment, but must be washed 
quite cloan before putting up. But in order to understand 
anything of the natural arrangement of raphides, it is 
necessary to mount certain parts of plants with these objects 
in situ. The most: common is the coating of the onion, 
which must be soaked some time in turpentine or benzole, 
in order to render it transparent, arid must then he mounted 
in balsam, as before said. We shall then be able to obtain 
such colours by the aid of polarized light, that.the raphides 
are shown in wondei lid distinctness, and somewhat of their 
nature will be perceived. 

There is one class of objects for the polariscope which 
differs in preparation from any we have yet considered, and 
affords very beautiful specimens. Some of the plants, in- 
eluding many of the grasses and the 'K- piisetaoeas (i.e. horse- 
tails), contain so large a quantity of siliee,, that when the 
vegetable and other perishable parts are removed, a skeleton 
of wonderful perfection remains. This skeleton must be 
mounted in balsam, the method of performing which will 
now be considered. 

Sometimes the cuticle of the equisetnm is removed from 
the plant, others dry the stem under pressure, whilst the 
grasses, of course, require no such preparation. They should 
then be immersed in s.troi\s' iiitri-; aeid and boiled for a 
short time ; an cil'erveseence will go on as the organic matter 
is decomposed, and wjien this bus censed, more acid should 
he added. At this point the modes of treatment differ; 
some remove the object from the acid and wash, and having 
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dried, burn it upon thin glas 

it must be carel'uby mounted 
it is better to leave it in strong acid until nil the substance, 
except the required portim.i, is removed; but this will take 
a length of time, varying according to the mass of tha 
plant. Of course, when this, latter method is used, the 
skeleton, must bo washed from the acid, &c, before being 
mounted in balsam. ■ 

These siliceous aUidin arc rendily found. The straws of 
most of the ceresds, wheat, oat, Ac. : the liiifks, also, of some 
of these; many caiirm ; tho cqnisetnm, as before described; 
and some of the grasses. Many of these are everywhere 
procurable, so that the student can never want material for 
a splendid oh;:''!: (or tin: |.olariscope. 

la Chapter III, the malts (or hairs) which are often found 
upon the leaves of plants wcrcrneir.ionod as beautiful objects 
when mounted dry ; but. some of these when detached from 
the leaf — which is easily done by gently scraping it, when 
dried, with, a knit'; — present brilliant slarlike and other 
forms, if mounted in balsam s-isid used with the polariscopa. 
There is a little danger, when plating the thin glass upon 
the balsam, of forcing out the scales in tho wave of matter 
which is always ejeH.ed; this may be overcome by applying 
to the slide, previously to playing the objects upon it, an 
extremely thin covering of ljalsii.ni diluted with turpentine 
as before mentioned, letting it dry more or less with the 
objects placed in it, and then, after the audition of a little 
more balsam, putting the cover on, and thus giving them 
every chance of adherence; or by using the balsam with 
chloroform, as before noticed. This method is peculiarly 
successful in cases where it is desired to arrange several 
objects symmetrically mi a slide, and to obviate their sub- 
sequent disturbance by planing the cover on. Type slides 
with several parts of an insect displayed upon them, scales 
of fish, or of plants, &c, may thus be shown, so that the 
number of slides may by this plan he seriously diminished. 
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These scales are ranch more nbiirichirit than was formerly 
supposed, and new specimens aie discovered daily; so that 
the student should always be on the look-out for them in 
Jiis researches in (he vegetable world. 

Most classes of objects, and the t-re fitment they require 
when mounting them in bii!s;ui"i, have liiiw been considered. 
The next chapter will he devotwl to preservative liquids, 
ELiiil :iie L (.';;{■ intthiJi'l u f Ufiiig them. 
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CHAPTER V. 

i LIQUIDS, I. 



Tjiebe arc mar.y ohjee's which v.-ou'd loso all their distinc- 
tive peculiarities if allowed to become dry, especially those 
belonging to the fresb-waii'i- Algco, rnai.v animal tissues, 
and most of the very delicate animal and vegetable Bub- 
atances in which structure is to be shown. These must be 
preserved by immersion in some llnid ; but it is evident that 
the fluid must be suited to the kind of matter which it is 
intended to preserve. As it often requires much study and 
trouble to obtain, microscopic objects of this class, it is well 
that their -pi-mevv.ilion should be rendered as perfect as 
possible; and for this reason t'.ie Cfr.i.s, or receptacles of the 
iiiiiiis, should he so closed that ul 1 possibility of escape 
should be prevented. The accomplishment, of this is not so 
easy a matter as it might appear to the inexperienced. 

Before giving any directions as to the manipulation 
required in mounting the objects, we must consider the 
different Kami's and ce/i's which are requisite for their pre- 
servation. Of the former there are a great number, of which 
the principal may be mentioned. 

Distilled WaTk.ii. is strongly recommended by many for 
Diatomacese and other Protophytes. It has been, however, 
stated that confervcid growths oficn disturb the clearness 
of the liquid, and on this account various additions are made 
to it. A lump of camphor is often left in the bottle, so that 
the water may dissolve as much as possible. One grain of 
bay salt and one of alum ;i.rc added to each ounce of water; 
or a drop or two of creosote shaken up with, an ounce of 
water, which should be afterwards filtered. These additions 
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arc often made; perhaps each of them good for certain 
objects. 

Glycerine. — Some affirm this to be o»s of the best pre- 
servative liquids, especially for vcgcl a':de objects ; but others 
think that it is much better wlieu diluted with two parts of 
camphor-water, prepared as above.* Mr. A. E. Yen-ill, of 
Yale College, XT.ri., Hays glycerine preserves the natural 
colours of marine animals; and the only precaution to be 
taken is to nse vcvij heitvij glycerine, and to keep tip the 
strength by transferring ;.lio specimens to new as soon as 
they have given out water enough to weaken it much, re- 
peating the transfer till all the water is removed before 
finally mounting on the slide. 

Glycerine and Gum. — This is also bi j l:cved to be a very 
good liquid for vegetable tissues, and is thus prepared :— 

i'are gum-arabic... 1 ox. 

Glycerine 1 „ 

"Water (distilled)... 1 „ 

Arseiuoas acid ... 1| grain. 
Dissolve the arsimions acid in flic cold water, then the gum, 
add the glycerine, and mix without bubbles. 

Dr. Carpenter states that the proportions used ultimately 
by the late Mr. Farrants are : — 

Picked -fum-arabio ... 4 parts by weight. 

Distilled water (cold).. 4 „ „ 

Glycerine... 2 „ 

Thus he now omits the arsenious acid, but places in the 
solution (which should be kept in a bottle with glass stop- 

* Dr. Carpenter any* :— " (Jlyccrhui h,n it solvent power for carlio- 
' ' uld not be [!!U!jl:jyiji! v.-iicu t:.e object contains 
re. In ig'liorruec of this fuel, !':■.'.: author (i)r. 

., e to preservo ii number of renjaj'kably line srnji=t- 

mens »1 the peiitacriuoiil huva of the C.'omatula, whoso colours he was 
anxious to retain : r.nd kks oxirc.iieK- vexod to Jind. when about to 

pearod, :i.at tLo -:pivini: 
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per) a small piece of camphor. This requires no cell, as the 
adhesive power is sufficient. 

Dbake's Compound. — This is usually deemed about the 
best medium for preserving A'gre, moises ; &c., and is thus 
prepared :— Soak 1 oz. of best gelatine in 4, oz. of water 
until the gelatine; becomes soft, when 5 oz. of honey heated 
to boiling point are added; boil the mixture, and when it 
has cooled, but not enough to become stiff, add $ oz. recti- 
fied spirit with which 5 or (5 drops of creosote have been 
well mixed, and filter the wboic ilmma-li fine flannel. This 
compound when cold forms a stiff jelly, the use of which 
will be described elsewhere. 

Glycerine Jelly. — This mixture closely resembles the 
above, but as (be composition diiTcrsi a Utile it may be men- 
tioned here. It ia strongly recommended by Mr. Lawrance 
in the Microscopic. Jw.rnal, where he states "that the 
beautiful green of some liciksos mounted two years ago, is still 
as fresh as on the day they were gathered ;" and that this 
is the only medium he knows which will preserve the natural 
colour of vegetable substances. He takes a quantity of 
Nelson's gelatine, soaks it for two or three hours in cold 
water, pours off the superfluous water, and heats the soaked 
gelatine until melted. To each fluid ounce of the gelatine, 
whilst it is fluid hi'.!- mal, he adds a fluid drachm of the 
white of an egg. Ho then boils this until the albumen 
coagulates and the gelatine is quite clear, when it is to be 
filtered through fine flannel, and to each ounce of the clari- 
fied solution add l> drachms of a. mixture composed one part 
of glycerine to two parts of camphor-water, 

At the Academy of Natural Sciences of Philadelphia, 
Mr. W. TT. Wabnslcy stilted, t.hav, owing to the beat of that 
climate, the above: formula for glv merino p.lly was not satis- 
factory, and recommended tiio following ;--Take one pack- 
age of Cox's gelatine, wii-Ur repeatedly in cold water; allow 
it to soak in water suil'.eiont io cover it for an hour or two, 
add one pint of boiling water, and boil ten or fifteen 
minutes, .Remove, and when cool but still lluf.l, add the 



H ^d by Google 



white of an egg, well beaten, and again boil, until the albu- 
men coagulates. Strain whilst hot through flannel, and 
add an equal portion by mensui'onn'iit of Bowyer's pore 
glycerine, and iii'y J.oijs of carbolic acid in solution; boil 
again for ten or fife™ minutes, and again strain through 
flannel, place in a water-bath arid oviipiirafe to about one- 
half, then filter into two or more broad-mouthed vials. (Cotton 
is the best filtering medium.) The use of this in mounting 
is the same as Mr. r.awranee's, elsewhere described. 

Goadhy's Fluid.— Thin is much used in the preservation 
of animal objects ; and seldom, if over, nets upon the colours. 
It is thu3 prepared : — Bay salt, 4> oz.; alum, 2 oz.; corrosive 
sublimate, 4 grains. Dissolve those in two quarts of boiling 
water, and filter. For dolion. ;.■:.■ pieparaiions some recom- 
mend that this mixture be reduced by t.ho addition of an 
equal quantity of water; but where there is bone or shell in 
the object, the above nets injuriously upon it, in which case 
this fluid may he used:— Bay salt, 8 oz. ; corrosive subli- 
mate, 2 grains ; water, 1 quart. 

T hwaites's Liquid. — This is ivcommi: ruled for the preser- 
vation of Algte, ifcc, as having little or no action on the 
Colour, and is tltus prepared: — Tide one part of rectified 
spin:., add drops of creosote enough to saturate it; to this 
add sixteen parts of distilled water and a little prepared 
chalk, end filter. When filtered, mis with an equal quantity 
i»f' i.ani|.'iur-water (iia before mentioned), and strain through 
li:io muslin before nsing. 

Chloride or Zinc Solution. — Tn the Micragraphio Dic- 
tionary this is stated to be " perhaps the best preservative 
known for animal tissues." Persons of great experience, 
however, have given a wry did'erem. opinion; but it is cer- 
tainly very useful in many cases where a small degree of 
coagulating action is not injurious. It is used of strengths 
varying according to the soilness of the parts to he pre- 
served ; the average j. :■ l : i i ; v :'.'.' grains of the fused chloride to 
1 oz. of distilled water. To k*;p tt.'is liquid, a lump of cam- 
phor may be left floating in the bottle. I have heard com- 
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plaints that this iiiixiiin: bi^omi 1 ;; turbid wills keeping; b;it 

.1. tlliilk ttlU l]'.i",;:t Olllj 111; L.lil: 0:i.SO wkfli:. 30111;! IE): pM 1'it V lllLrs 

got iir:o the bottle. 

Carbolic Ac;ti." :: ' — The addition of a few drops of this to 
distilled water prevents the growth of interfering substances 
which would take, phice it' pure water alone were used, and 
is therefore valuable as a preservative fluid. The same 
solution also is convening, as it iustnudy kills infusoria, and 
almost everything that has life; nnd, indeed, is useful in 
the student's gathering-bo', tie.-; fur tins w:\ine reason. It is 
very highly spot on of as forming oue of the constituents in 
the following formula for use in mounting soft animal 

Arson ions acid, 20 parts. 

Crystallised carbolic acid, 10 parts. 

Alcohol, 300 parts. 

J )i=itillocl water, TOO parts. 

The Re?. "W. W. Spicer, in his translation of .Tohaun 
Wave's wort on A.l : ;;r-, rocommciids the following iloid for 
their preservation : — Pure alcohol, 3 parts ; distilled water, 
2 parts; glycerine, 1 part. If the desmid or other alga 
be placed in this fluid in a cell, and not covered by a glass 
for a time, the water and alcohol will evaporate slowly, and 
the mixture will beeomo more 'lease in proportion, but quite 
gradually, and therefore without any destructive inflncnce 
on the object. During this operation, water is withdrawn 
from tho frustule, and the glycerine, which is not volatile, 
takes its place without causing n.ny distortion of the object. 
Cascob Oid. — This is a very useful preservative for 
crystals and other objects. Many salts are quite destroyed 
when Canada balsam is used with thora ; bat very few are 
acted upon by this oil. To use it, it must be dropped in 
sufficient quantity to cover the crystal or object to be 
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preserved with a thin coating of oil. It may be n 
sometimes to spread it with a needle or other instrument. 
Tho thin glass should then he carefully placed upon it, so 
that all air may he excluded ; and should any oil bo forced 
out, owing to tins quantity used being too great, it must 
be removed, with, blotting-paper, When the edge of the 
thin glass cover and the EiiiTonndiiig Fir's of the slide are 
as clean as possible, a no; i. tin;; of sealing-wax varnish or 
liquid id:u> "■nnst hi? npiilieil and a.l'owcd to dry. A second 
or even a thiid ccatinjr may be rrqiihi.-d, but not before tho 
previous cover is quite dry. These vanishes, however, are 
very brittle, and it is much safer, us a finish, to use one of 
the tougher ocmonts — yold-ske, for instimoe — which will 
render it doubly secure. 

The obovo are the principal liquid?, ifeo, used for pre- 
serving objects in cells. The different cells may be here 
mentioned ; and it is rccoinm ended thai these should always 
bo kept some time before use in order that tho cement may 
become perfectly dry; and care must ho taken that no 
cement- be used on which the preservative liquid ompioi ed 
has any action whatever. 

Oemeht Cells,- — Where tho object is not very thick, this 
kind of cell is generally used. They are easily made with 
the turntable before described ; hot when the objects to be 
preserved are very minute, these cells need not he much 
deeper than the ord'mtfnj circle of cement on the slide. 
When, however, a comparatively <;reat depth is required, it 
is sometimes necessary to rniike the wall of the cell as deep 
as possible, then allow it to dry and make another addition. 
Of these cements gold-size is one of the most trustworthy, 
and may bo readily used for the shallow cells. The as- 
phaltum and india-rubber, before noticed. I have found very 
dorablo when well iu.ki J, and. exceedingly pleasant to work 
with. Ifc may be used of such a thickness as to give space 
for tolerably large objects. Black ja.pan also is much used, 
Many cements, however, which are recommended by some 
writers, are worse than useless, owing to the brittkness which 
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renders their durability uncertain, its sealing-wax, varnish, 
liquid-glue, Ac. Dr. Basliati say the b;';-t cement for liquid 
cells is one, much used in Germany, made by adding h 
considerable quantity of nitrate of bismuth to a solution ot 
gum mastic in chloroform, It can be procured at almost 
any optician's. 

The Btudent may fed himself tit a loss in choosing the 
cement which will give him the snfcsl cells, many of them 
becoming partially or wholly dry in a year or two, as stated 
in another place. I can otiiv give him n. few general direc- 
tions, and he must then use his own judgment. Of course 
it. would be lost labour to emiiloy any cement upon which 
the preservative liquid has any ocUon wltaieoer. It is also 
a good rule to avoid those in whose composition there arc 
any particles which do not become ;i thorough and intimate 
portion, as these unreduced iVagnienL.-; will almost certainly, 
sooner or later, prepare a voud by which the liquid will 
escape; and, lastly, whatever cement he uses, the cells are 
always better when they have befit kepi a short time before 

GnTiA-pmiCHA Etnss have been recommended by some, 
as affording every facility for the manufacture of cells for 
liquids ; but they ca.iLi.ioi. be ivcon;iucLuh:d, as, after a certain 
length of time, they become so brittle as to afford no safe- 
guard against ordinary accidents. Some have also used 
india-rubber bands thickly coated with various varnishes; 
but these I consider less trust-worthy than gutta- 
percha, as they become thoroughly rotten in ordinary 
use after ti short probation. 

Often the colls must, necessarily be of a large size, and 
for this reason are made by taking t'unr h.1 :'tps of glass of the 
thickness and depth roquiivd, and grinding the places where 
these are to meet with emery, so as to form a slightly 
roughened but flat edge. The glass strip must also be 
ground on the side where it meets the plate, and each piece 
cemented with the marine-glue mentioned in Chapter II in 
the following manner : — On that part of the glass to which 
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another piece is to be attached should be laid thin strips of 
the glue ; hoth pieces must then be heated upon a small 
brass table, with the aid of the spirit-lamp, until the strips 
become melted; the small piece is then to he taken up and 
placed upon the spot to which it is to be attached, and so 
ou until the cell is completed. It will be found necessary to 
spread the glue over the surface required with a needle or 
some other instrument, so that an unbroken lino may be 
presented to the wall of the cell, and no bubbles formed. 
Too great a heat will burn the marine -glue, and render it 
brittle ; cove must bo Lhoreibro taken tn avoid this. 

When shallow colls are required, those which are made 
by grinding a concavity in the middle of an ordinary slide 
will be found very convenient. The concavities are out both 
circular and oblong ; ami the surface being flat, the cover is 
easily fastened upon it. Those arc now cheap, and are very 
safe as to leahage. It is a very great improvement, where 
it can be done, to turn a shallow ring outside the concavity 
of the slide, but close to it. This prevents the cement with 
which the cover is fastened from running in. 

Circular cells with a flat bottom used to be made by 
drilling a hole through glass of the required thickness, and 
fixing this upon an ordinary slide with marine-glue; but 
the danger of breakage and the labour were so great that 
this method is seldom ii.'c.l now, ami, indeed, the rings about 
to bo mentioned do away with all necessity for it. 

Glass Kings.— "Where any depth is required, no method 
of making' a cell for liquids is so convenient as the use of 
glass rings, which are now easily and cheaply procurable. 
They are made of ahno.it every size and depth, and, except 
in very extraordinary cases, the necessity for building colls 
is completely obviated. Those rings have both edges left 
rough, and consequently adhere very well to the slido, this 
adherence being generally aeeoiiiplhhod by the aid of 
marine-glue, as before noticed with the glass cells. Gold- 
size has been occasion idly mod fur this ruivpose ; and the 
adherence, even with liquid in the cell, 1 have always found 
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to be perfect. 'This method has Llie advantage of requiring 
no heat, but the gold-size must be perfectly dry, and the 
ring must have beei: tked upon the slide some time before 
use. Canada balsam has also been used for the same 
purpose, but cannot be recommended, us, when it is perfectly 
dry, it becomes so brittle an to bear no shook to which the 
slide may be ordinarily exposed. 

Iron Bin us. — Many have worked with these, having 
taken care to varnish lh on Highly before using with any 
preservative liquid ; but they are always untrustworthy, as 
they can never be yT.ii raj deed onanist, {.lie action of some salt 
in the liquid used. They can. be procured beautifully made, 
and for dry cell,; cannot bo surpassed. Zinc and pure tin 
rings maj also be procured, and are excellent, especially the 
latter. 

Ttjlcakite.— This substance ia a great favourite with 
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Wo will now suppose the cell employed has heen made 
by placing a glass tint! upon the sliiu- n'il.li marine-glue or 
gold-size, and is quite dry. Around the edge of the cleaned 
thin glass which is to covet it, I trace with a camel-hair 
pencil a ring of gold-size, si nil also around the edge of the 
cell to which it is to adhere. Dr. Carpenter objects to this, 
as rendering the later applications of the gold-size liable to 
"rnnin." All danger of this, however, is completely ob- 
viated by leaving the flide and cover for awhils until the 
cement becomes partially fixed, but still adhesive enough 
to perform its function (Chapter III.). With many slides 
this is not accomplished in less than twenty- four hours, even 

if left two or three days no injury whatever ensues; but 
with other kinds an hour is too long to leave the exposed 
cement, so that the operator must use his own discretion. 
It is not always necessary to sine the edge of the cover, 
since perfect adhesion may in many cases be secured with- 
out it, and it is- always best to use the least quantity of 
cement that will answer, as it will then be less likely to run 
in. The liquid required may be drawn up by the mouth 
into tho pointed tube mentioned in Chapter II., and then 
transferred to the cell. In the various books of instruction, 
the object is now to be placed in tho cell ; this, however, I 
think a great mistake, as another process is absolutely 
necessary before wo advance so far. The cell, full of liquid, 
must be placed under the receiver of an air-pump, and the 
air withdrawn. Almost immediately it will be perceived 
that tho bottom and nidus of l.lio cell are covered with minute 
bubbles, which are formed by the air that is held in sus- 
pension by the liquid. The slide may now be removed, and 
the bubbles may require the aid of a needle or other point 
to displace them, so obstinately do they adhere to the 
surface of the glass. This process may then be repeated, 
and one cause, at least, of the. appearance of hubbies in cells 
of liquid will be removed. The object to be mounted should 
also be soaked in one or two changes of the preservative 
liquid employed, and, during the soaking, bo placed under 
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tlie air-pump and exhausted. It may then be transferred 
to the cell, and will probably cause the liquid to overflow a 
little. The cover with tin; gold-size a] a died to tin: ed'.jo 
must then be carefully laid upon the cell, and slightly 
pressed down, so thru ii.il air-bubbles may be displaced. The 
two portions of gold-sine will now bo found to adhere 
wherever the liquid docs not remain, a'thoug'h the whole 
ring may have been previously wet. The outer edge of the 
thin glass and cell must now be perfectly dried, and a 
coating of gold-sine applied. When tins is dry, the process 
mast be repeated iinL-ii t'ne eenvait has body enough to pro- 
tect the cell from all iiimgor of leakage. When some pre- 
servative liquids are used, a seam is frequently found upeu 
the surface when it is placed in the cell, and this must 
he removed immediately before the cover is laid upon it. 

I believe this method to be perfectly secure against 
leakage when carefully performed; and some of my friends 
have told me that their experience {that of seme years) lias 
been equally sntis factory. 

In using some of the particular kinds ot preservative 
liquids, it will be found necessary to make a slight change 
in the manipulation. This will behest explained by mention- 
ing a few objects, and the treatment they require. 

For the preservation of the Mosses, Algie, &o„ Deaue's 
compound is much used, and considered one of the beat 
media. The specimen to be mounted should be immersed 
in the compound, which must be kept fluid by the vessel 
containing it being placed in hot water. In this state the 
whole should be submitted to the action of the air-pump, as 
it is not an easy matter to pit rid of the bubbles which form 
in and around the objects. The cell and slide must he 
warmed; and heat will also be necessary to render the 
gelatine, &e, fluid enough to flow from the stock-bottle. 
The cell may then be tilled with the compound, and the 
specimen immersed in it. A thin glass cover must then be 
warmed, or gently breathed upon, and gradually lowered 
upon the cell, taking care, as with all liquids, that no 
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bubbles are formed by the operation. The cover may be 
fixed by tho aid of gold-siz-*?, Japan, or any of the usual 
varnishes, care 'bcinq; taken, as before, shut all the compound 
is removed from the parts to which the varnish is intended 
to adhere, 

The glycerine jelly of Mr. Lawrence, before mentioned, 
requires almost a similar treatment. "The objects to be 
mounted in this medium should hi- immersed for some time 
in a mixture of equ;il parts of glycerine and dilute alcohol 

(six of wider to one of aleohd' . Tin? bottle (if iilyecrhie jelly 
must be placed in a. cup of hot water until liquefied, when it 
must be used like Cana.da. balsam, except that it requires 
leas heat. A ring of asphaltnm varnish round the thin glass 
cover completes tho mounting." 

The Infusoria (~eo Chapter TV".) are sometimes preserved 
in liquid; but present many dillicull.ies to the student. 
Different kinds require different treatment, and consequently 
it i» wo!!, when practicable, to mount similar objects in two 
ur more liquids. Some are best preserved in a strong 
solution of chloride of calcium, others in Thwaites' liquid, 
whilst a few keep their colour most perfectly when in 
Bljcerinn alone. There can be little doubt that light is the 
blenching agent in. most cases. Many of them, however, 
urn so very trans -parent, that they pi'e^ont hut faint objects 
for ordinary observation. For this reason, however, they are 
sometimes dyed in. solution of magenta or other colour, as 
elsewhere noticed. The Dcsmidiaccaj require somewhat 
similar treatment, and may be men'.-'oned here. The solution 
of chloride of calcium lias been strouijly reeommended; but 
no preservative liquid seems to be without some action upon 
them. Both of the above classes of o'jeei.s should be mounted 
in shallow colls, so as to allow as high a microscopic power 
as possible to be used with them. 

Entomosikaca. — In every ditch or place where vegetable 
matter exists, these little active, jerkin;,; pieces of life are 
certain to he found. They are covered with a horny trans- 
parent shell, and are various in form. Mr. Tatem gives the 
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coasits are well preserved by mounting in cells, in the manner 
before mentioned, with Goadby'a fluid, or distilled water 
with one of the additions; noticed amongst the preservative 
liquids. For examination by polarized light, however, they 
are usually mounted in balsam (sec Chapter IT.), whilst 
those in cells present a more natural appearance as to 
position, &o., for common study. The Pot.yzoa, also, are 
exquisitely beautiful objects for the microscope, but require 
some little care. They should be kept in sea-water until 
their tcntacula are eypKnded, mid rrrny then be readily killed 
by plunging in cold fresh water. Thus all their beauty will 
be preserved, and they may be then mounted in one of the 
preservative liquids, Many operators speak well of distilled 
water well shaken with a few drops of creosote, as before 
mentioned. 

As to the use of preservative li.pii:l;i v.'i'.h the Diatom acere 
there are various opinion*. Some experienced micro scopists 
say that there is little or no satisfaction in mounting them 
in this way. Dr. Carpenter, however, explains this differ- 
ence by his instructions as to what method should be used 
when certain ends are desired. He says : " If they can ho 
obtained quite fresh, and it ba desired that they should 
exhibit as closely as possible the appearance presented by 
the living plants, they should be put up in distilled water 
within cement cells ; but if they are not thus mounted within 
a short time after they have been gathered, about a sixth 
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part of alcohol should be added to the water. If ifc be 
desired to exhibit lha stipifutc forms in their natural para- 
sitism upon other aquatic plants, tiiL> entire mass may be 
mounted in Deaae's gelatine in a deeper cell; and such a 
preparation is a very beautiful object for black-ground 
illumination. If, on the other hand, tin: minute structure of 
the silieious envelopes is the feature to bo brought into 
view, the fresh diatom., must be boiled in nitric or hydro- 
chloric acid" (which process is fully described in Chapter 
III.). It is very convenient to have many of these objects 
mounted by two or more of the above methods ; nod if tiny 
are to be studied, this is indispensable. Mr. Hepworth 
once showed me about one hundred slides which he had 
mounted in various ways, for no other purpose than the 
study of the fly's foot. 

My friend, Mr. Tvykuul=, successfully mounts the diatoms 
IE the state in which he liads them, and gave me the follow- 
ing method as that which he nb.vays employs. He says that 
he has had no failures, and hitherto has found his specimens 
unchanged. Take a shallow ring cell of asphalt or black 
varnish (which must be at least three weeks old), and on the 
cell, whilst revolvina, add a ring of benzole and gold-size 
raised in. equal proportions. In a minute or two pnre 
distilled water is put in the cell until the surface is slightly 
convex. The object having been already lioated on to the 
cover (the vessel used for this purpose being an ordinary 
indian-ink pallet), is now inverted and laid carefully upon 
the water in the cell. By these means the object may be 
laid down without being removed. The superfluous moisture 
must not be ejected by pressure, but a wetted camel-hair 
pencil, the size made in an ordinary quill, being partially 
dried by drawing through the lips, must be used repeatedly 
to absorb it, which the pencil will draw by capillary 
attraction as it is very slowly turned round. When the 
cover comes in contact with the ben/ole and gold-stae ring, 
there is no longer any fear of the object being removed, and 
a slight pressure with the end of the cedar stick of the 
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pencil will render 1:ie aehe-iei: complete, and cement the 
cover closely and firmly to the cell. When dry, an outer 
ring of asphalt nie.kes llu; mounting Jirn.i, and complete. 

The Fungi have been before mentioned; but it may be 
here stated that some few of the minute forma are beat pre- 
served in a, very shallow cell of liquid. For this purpose 
creosote- water may bis advantageously used. 

The anteimai of insects- have been boforo noticed as being 
very beatttifnl when mounted in balsam. This is readily 
accomplished when fiiey are lurjri); but those of the most 
minute insects are much more ditlieult to deal with, and are 
less liable to injury when put up in fluid. Qoadby's Fluid 
serves this purpose very well ; but, of course, the object 
must be thoroughly steeped in the liquid before it is 
mounted, for a longer or shorter time according to the 
thickness. 

The eggs of insrxti afford some worthy objects for the 
microscope, amongst which may be mentioned those of the 
common cabbage ha tier (lies (.•eiiil] and grout), the meadow- 
brown, the puss-moth, the to.rtoise.sh ell butterfly, the bug', 
the cow-dung fly, &a. These, however, shrivel up on be- 
coming dry, and most, therefore, be preserved in some of 
the fluids before mentioned. To accomplish this no parti- 
cular directions are required ; but the soaking in the liquid 
about to be employed, eoc, mast be attended to as with other 
objects. 

Glycerine may be advontaaeously used for the preserva- 
tion of various insects. These should first be cleaned with 
alcohol to get rid of all extraneous matter, and then, after 
soaking in glycerine, b:> mounted with it like other objects. 
There is, however, a dii'i^ul'.y in clearing glycerine from 
the edge of the tiiin glass cover ; but Mr. Whalley told me 
he met with no annoyance. After laying the cover upon the 
object with the glycerine, he took away all the superfluous 
liquid with a small piece of linen, cleaning it at last with a 
damped piece of the same. The small quantity of water 
which gets mingled with the glyouriMO does no injury, aud 
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the edges can be thus cleaned perfectly enough for any 
cement to adhere. Mr. Suffolk, at the Q.nekett Club, said: 
■ — When the cell was closed he varnished it with a coating 
of common liquid-glue, and when this was dry he put it 
under the tap and thoroughly washed it, in order to remove 
any glycerine which might remain outside. After carefully 
drying tho slido with bletlhig-pa;iei', he gave it another 
coating of the liquid -glue, and when dry repeated the wash- 
ing process, and after having given it a, third coating of 
liquid-glue in the same manner, he gave it a final coat of 
gold-size, and lie never lisid any triru'le with colls closed in 
this manner. Mr. Hislop, at the same place, said :— His 
plan was, to make a, good scut for the co\er first by a thick 
ring of gum dammar — allow this to become sticky; next 
put in the glycerine, lay on the cover, and then carefully 
wash off all superfluous glyceriue. When perfectly well- 
washed and dried lay on two or three coats of gum dammar 
to finish it. 

Some insects, such as May-flies, &,<;., are, however, often 
preserved by immersion in a solution of one part of chloride 
of calcium in three or !'cur parts of water ; but this has not 
been recommended n.mo!ig;;t the preservative liquids, as the 
colour, which is often ai attractive quality of this class of 
objects, is thereby destroyed. 

We have now noticed the treatment which must be ap- 
plied to those objects which, are to be preserved in liquids 
and cells. We may here state that all slides of this kind 
should be examined at short intcrva's, as tliey will he found 
now aud then to require another coating of varnish round 
the edge of the thin glass cover to prevent all danger of 
leakage. The use of tho air-pump, in the first instance 
(as before recommended), and this precaution as to the 
varnish, will render the slides less liable to leakage and air- 
bubbles, which so very frequently render them almost 
worthless. 
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CHAPTER VI. 

SECTIONS AND I 



Many objects arc almost wort'doss to 1-' i o mieroscopist until 
extraneous matter is removed from tlietii ; and this is fre- 
quently difficult in tilt; extreme to perform satisfactorily. Ag 
an instance, certain Pijrn.niinii'pi-iL may be mentioned in which 
the cells are placed one upon another, consequently the ob- 
ject must Ijo reduced to a. cortain degree of thinness before a 
single uniform layer of these ceils ca.ii be obtained to show 
something of tin; internal arrangement a. 

Most animal and vegetable foi'mj require an examination 
of the separate pads before tench can ha known about them. 
The mass must bo divided into separate portions, each, part 
intended to be preserved being cleaned from the useless 
matter with which it is surrounded. It will frequently be 
found necessary to make thin sections, which from a very 
tender substance is no easy matter ; and mueb patience will 
bo necessary to attain anything- like proficiency. 

This making of sections was not until very recently 
undertaken by many except those Luluu^-ioti to the medical 
profession, but I do not see why tins should be so, as much 
maybe accomplished by a persevering- and interested mind 
where there is time for entering- into llm subject. I will 
therefore make an attempt to give some instructions on this 
subject also. We will Ibst cor. aider the cutting of sections 
from hard substances, in whir;*! the ordinary knife, chisel, 

* As some knoiv-loi b-c o: rlissectimi is ncccn'-nry io success in injec- 
tion, additional matter.- on t.hi.; siuijoi'L iviil be !i.iund in Chapter VII, 
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&c„ are of no avail. Most of those require no particular 
care Jn mounting, but are placed in balsam like the other 
objects noticed in Chapter IV.: where, however, any special 

treatment is necessary it will be commented upon as we 
proceed. 

Shells, &o.— It is seldom, if ever, necessary to possess 
apparatus for this process except a small thin saw made 
with a steel blade, for which a piece of watch-spring serves 
very well ; a fine stone such, as is used for sharpening pen- 
knives ; and two anioot.li leiithcr swops, one of which is to 
be used with putty -powder to polish the suction iift.tr grind- 
ing, and the other dry, to give the final surface. It is, how- 
ever, very convenient to have three or four files of different 
ik- L.'1'oi-s of fineness. A wry useful implement in ti,:-- |>roce-a 
is the Corundum file or rubber, sold by most dealers in 
watchmakers' tools. It m.ay be procured of almos'. any sj?e 
□r grain, either circular or flat, and will cut almost any- 
thing. They posses the very gr«;il, ad v, in I age of not carry- 
ing much, if any, impurity into the texture of the object 
upon which they arc used. The shell, if very thick, may be 
divided by using the watch-spring saw; and this section 
may then with ordinary earn bo rubbed down with water on 
the stone until one side of it is perfectly :liat. When this is 
accomplished it must be rubbed with putty-powder upon 
the strop, and finally upon the other strop without the 
powder. This surface will then be finished, and must be 
firmly united to the slide in the position it is intended to 
occupy. To do this a small quantity of Canada balsam may 
be dropped upon the middle of the slide and heated over 
the lamp until on cooling it becomes hard; but this must 
be stopped before it is rendered brittle. Upon this the 
polished surface must lie laid, and sufficient heat applied to 
allow the object to fall closely upon the slide, when slight 
pressure may bo i;sod to force aside all bubbles, &a. On 
cooling, the adherence will be complete enough to allow the 
same grinding and polishing upon the upper surface which 
the lower received. Whilst nnderi;ui)i!; this, the section 
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must be examine! IVoin t : :no to ti:ue to ascertain whether 
the necessary degree of thinners has been reached. "When 
this is the case the section should be nnslma thoroughly ant] 
dried. It must then he covered, which is best done by using 
ordinary Canada balsam, as recommended in Chapter IT. ; 
□r, if the section is to be mounted dvj.it must be freed from 
balsam by washing, or sobbing if ueeossavy, in turpentine 
or other solvents. 

Sections of some exquisitely ijeaid.if d objects are out with 
much less trouble than the above. The Orbitolite, for 
instance, may be prepared in this rmmner. Take the object 
and by pressure with the fuuer rub the side upon a fiat and 
smooth sharpening stone with water until the portion is 
reached which it is wished to show. The strength of the 
object will easily allow this to be accomplished with ordinary 
caro. This side may then be attached to the glass slide 
with heated balsam, as above described, and the object may 
then be gently rubbed down to the degree of thinness re- 
quired to show it to the best advantage, After removing 
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The consideration of (be outline of sections from sheila 
would scarcely be iicemed complete without some mention of 
what Dr. Carpenter lei'ir.s tin: docalcir'ymy process. Muriatic 
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in this the shell ia imm 
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of the .shell, the carbonate of lime 
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nd a peculiar membrane left, show- 


ing the structure of the 


shell very perfectly. This may bo 


mounted dry, ia balsam 


, or sometimes hi liquid, according 


to the appearance of th{ 


: object ; but no rule can he given. 


The discretion of the si 
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From some shells it 


is easy to divide thin plates, or 


lamina, which require 


nothing but mounting in Canada 


balsam to show the text! 


ire very well. In working, however, 


with those which are p 


early, it will be found that expe- 


nonce and patience are ] 


ieeded, as they are very brittle and 


peculiarly hard; but a 


little practice will overcome these 


difficulties. 




Amongst the Echim 


idermata, which include the star- 


fishes, sea -hedgehogs, &i 


;., there are many whose outer sur- 


face is covered with £ 


pines, or thin projections. Some 


of these ii.ro sharp and 


thorn-like, others blunt, longer or 


shorter, and, indeed, of , 


aidless variety. In many of these, 



when a section is renderings are seen which ha 1 
centro, with radiating supports, resembling sections of some 
of the woods. These are very beautiful oljocv,s, and methods 
of procuring them may now ho considered. It is the best 
to cut as thin a section in can safely be got with the watch- 
spring saw first, when the sinoui.li sharpening stone may 
be used to polish one side, which is easily accomplished with 
water only. When Ibis is cil'eet.ed, it must be washed clean, 
and IJioro-iiy]:.'-/ dried, and then may be united to the slide 
in the same manner as before recommended for the Orbito- 
lite, &c. If it is ever necessary to displace- it on account 
of ineqnalities, bubbles, or other remediable fault, this may 
bo done by warming the slide; though too much heat must 
be avoided, otherwise iYcsli hubbies will certainly he pro- 
duced. The covering with thin glass, balsam, &c, will 
present no diflicuUy to the student; but he must remember 
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that the transparency is somewhat increased by this last 
operation. 

Corah are often treated in this way, in order to reveal 
their structure. Except, however, the student has had 
much practice, lie will often ibid this a most difficult task, 
as many of them are exceedingly brittle and hard. He will 
find the method before described equally applicable here, 
and should take both horizontal and vertical sections. 

Coal.— This substance is one of the most interesting 
objects to the microseopist. It is, of course, of vegetable 
origin; and though it is in many cases in such minute 
separate portions as to have lost all appearance of vegeta- 
tion, yet it is vary frequently met with in masses, bearing 
the form, even to the minute markings, of wood, in various 
directions. To see this and prepare it for microscopic re- 
search, a suitable piece of coal must be obtained ; but in 
every case the cutting and preparation of these sections 
require great care and skill. Sometimes the coal is first 
made smooth on one sido, fastened to the glass, reduced to 
the requisite degree of thinness, and finished in the method 
before described. This mode of treating it is sometimes, 
however, very tantalizing, as, at the last moment, when the 
section is about thin enough, it often breaks up, and so 
renders the trouble browed upon it fruitless. The dark 
colour and opacity of coal render an extraordinary thinness 
necessary, and so increase the liability to this accident. 

Mr. Slade recommends that the piece of coal, having been 
smoothed on one side, be cemented on that side to a glass 
slip by marine-glue of the best quality, quite free from 
undissolved or foreign matter. Great care must lie tiiton 
to press out all air-bubbles, the coal breaking op at such 
places as it gets thin, a hole resulting. It may then be 
reduced in the usual way, and when thin enough mounted 
in Canada balsam and covered by thin glass. 

Perhaps the best method which can be pursued is that 
recommended in the Micrograph ic Dictionary, which is 
as follows :— " The coal is macerated ;'ur about a week in a 
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solution of carbonate of potash ; iu-t the end of that time it 
is possible to cut tolerably tliiri jjlicus with ft razor. There 
slices are then placed in a watch-glass with' strong nitric 
acid, covered, and gently heated; they soon turn brownish, 
then yellow, when the process must bo arrested by dropping 
the whole into a saucer of cold water, else the coal would 
be dissolved. The slices thus treated appear of a darkish 
amber colour, very transparent, find exhibit the structure, 
when existing, most clearly. We have obtained longitudinal 
and transverse sections of coniferous wood from various 
coals in this way. The specimens are best preserved in 
glycerine in cells; we find I. hid: spirit renders them opaque, 
and even Canada balsam has the same defect. Schultze 
states that he has brought, out the cellulose reaction with 
iodine in coal treated with nitric field and chlorate of 
potash." Now and then in coal we meet with a half- 
formed carbon-looking substance which is no more difficult 
to work with than ordiniiry charcoal. From this it is an. 
easy thing to procure interesting slides. 

Gmvael-cnal is so close ar.d firm in its structure as to be 
much used instead of jet in the manufacture of ornaments , 
it takes a beautiful polish, and consequently presents the 
student with none but ordinary diilieulties in getting 
sections of it. Its formation is somewhat different from 
that of coal, sometimes showing :,ho trausilior. very clearly, 
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The edge of this saw I charge with diamond-powder. To 
the edge of the saw I hold my spceiaien, and as it cuts I 
lubricate the edge will) a small brush dipped in turpentine. 




"Witt this metliod I have cut suctions of fossil wood so thin 
that all its structure bus been well defined and required 
nothing but mounting in balsam; this lias been silicated 
fossil wood. In cutting r.'ikareovs fossil wood, I have to 
cut the sections l.lr!i:l;o; - :i.ud gi hid them down. My grinding 
apparatus is comprised of loa;'en laps, which I wake to 
revolve in a horizontal positioi; on the sumo upright spindle 
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on which I fix my cutting saw. I use two la: 
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flout of emery until every part of its structure 


is distinct. 


If I choose to polish the specimen I do so on i 


i lap made 


of plush cloth or cotton vevet and putty-powde 


r. I then 


float them off the slide on which they have be 


en ground, 


and fix them on another with Canada balsam. 


I prefer, 


where it is practicable, to mount them in balsa 


m Tcndcu- a 


thin cover in the usual way, as I am satisfied that the 


structure is better brought out. 




In fmt there are often found remains of spor 


ges, shells, 


Diatomacea, &c. ; but to show these well, sectioi 


18 must he 


cut and polished by the lathe and wheel of th 


, lapiuavy, 


which the microscopic; stud cut- seldom possesses. 


Thin cinp- 



pings may, however, he iiiii.de, which when steeped in turpen- 
tine and mounted in balsam, will frequently show these 
remains very well. 

Teeth are very interesting objects to all microscopisis, 
more especially to those who give much study to them; as 
the class of animal may very frequently lie. known from one 
solitary remaining tooth. To examine them thoroughly, it 
is necessary to cut sections of them ; bat this is rather diffi- 
cult to perform well, and needs some experience. Some 
instructions, however, will at least !e~son these difficulties, 
and we will now endeavour to give them. 

Sections of teeth and bone may be successfully made by 
ruhbiDg slices cut with a saw between two plates of ground 
glass, with water and a little powdered pumice-stone, the 
old and partially worn glass being kept for the final 
polishing of the sections. 
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diamond dust. If this cannot be procured, there is no 
alternative bnt to rub down the whole substance as thin as 
practicable on some coarse stone or file, or best of all the 
corundum rubber. The surface will then be rough; but 
this may be much reduced by rubbing upon a flat sharp- 
ening Etons with the finger, or a small piece of gutta-percha 
upon the object to keep it in contact. The scratches may 
be much lessoned by this, but riot so thoroughly removed as 
microscopic examination my.i::v- in dry sections. It must, 
therefore, he polished with the putty-powder and dry strop, 
as recommended in the working 0"f shell -sections. The 
other side of the section of the tooth may then bo rubbed 
down to the requisite thinness, ami polished in the same 
manner, when the dust and other impurities must be re- 
moved by washing, after which the section mast be carefully 
dried and mounted. Sometimes it may lie deemed desirable 
to make a preparation of the teeth hi siiv. ; for this purpose 
take the lov.ier jaw of some animal like the rat, weasel, or 
guinea-pig, and soak it in absolute alcohol Erst, let that evapo- 
rate out, then soak in the .solution of balsam and benzole ; 
when that has evaporated to hardness, grind down the jaw as 
ft section, the teeth are fixed in by the balsam. Some of 
these sections are equally interesting as opaque or trans- 
parent objects. 

The dentine of the teeth may be dcealeiiled by immersion 
of the section in dilute muriatic acid; after drying and mount- 
ing in Canada balsam it presents a new and interesting 
appearance, showing the enamel fibres very beautifully 
when magnified about three hundred diameters. A friend 
tolls me that after submersion o: the v.'l-oh: tooth in the acid 
he has been able to cut sections with a razor, 
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8acnoss or Bone. — With the aid of the microscope few 
fragmentary rem urns Lave proved so useful to the geologist 
and students of tlio fossil kir.gdotn as these. From a single 
specimen many of our naturalists cuu tell with certainty to 
what class of animal it has once "belonged. To arrive at 
this point of knowledge rnueb study is iiceessavy, and sections 
of various kinds should he cut in such a manner as will best 
exhibit tire peculiarities of formation. The methods of 
accomplishing this will now be considered. It may, how- 
ever, be first mentioned that the drippings of some bones 
will be found useful now and then, as before stated with 
flint, though this is by no means a sa,t is factory way of pro- 
ceeding. Sometimes the bom.'-; may he procured naturally so 
thin that they 1:1 ay he examined will: our- a-nv cutting; and only 
require mounting dry, or in fluid, as may he found the best. 

When commencing operations we must provide the same 
apparatus as is needed in cuuinq- seel. ions of teeth, before 
described. A fine saw, lilc those used for cutting brass, 
&c, two or throe flat, /iics of dili'ereut degrees of coarseness: 
two flat "sharpening" stones; and a leather strop with 
putty-powder for polishing. As thin a section as possible 
should first be cut from the part required by the aid of the 
fine saw; and it is better when in this state to soak it for 
some short time ill camp bin c, ether, or some other spirit to 
free it from all grease. With the aid of a file we may now 
reduce it almost to the necessary degree of thinness, and 
proceed as before reeoiumeruled with teeth. The " sharpen- 
ing " stone will remove all scratches and marks sufficiently 
to allow it to be iwiurmii' d v. ith the microseope to see if it is 
ground thin enough ; and if it is to be mounted dry we must 
polish it with pu'.ry -powder and water upon the strop to as 
high a degree as possible, and having washed all remains of 
polishing powder, &a., from the section we must place it 
upon the slide and finish it as described in Chapter III. 
But where these sections are required for mounting in 
balsam a less amount of polish is ueceBHary ; thus rendering 
i.he whole process much move readily completed. 



H ^d by Google 



ECTS. 1-19 

If the tone is no' siiHiuioriily bard in its nature to bear 
the above method of liaiidlLny whilst gain ding ami polishing 
— as some are far more brittle t'iau others — us thin a section 
a,; possible rtmtt first bii cat with thy saw, and one surface 
ground and polished. The piece must then be dried and 
united to the glass by heated balsam in the same manner 
as shells, &e. After which the superabundance of balsam 
must be removed from the glass; then rnb .1 own upon the stone 
and strop as before, ('-n: at cn.ro must be tn.'.eu that the canals 
be not filled daring the process wi'h 'lie dost of the bone, 
or of the polishing material. Dr. Beale, in the Journal of 
the Q. il. 0. takes occasion to say " that lie cannot admit 
that the best way of preparing such sections is by grinding 
down, since it is too liable to fill the canals with debrii." He 
recommends that a fresh hone be taken— and a small slice 
cat off by a strong sharp knife. This is then to be im- 
mersed in carmine dissolved in ammonia— the ammonia 
being first neutralized by acetic acid. The walls of the 



it may be mounted as the can* above mentioned. 

Some have recommended a strong solution of isinglass to 
affix the half-ground teeth or bones to the glass as causing 
them to adhere very firmly and requiring no heat, and also 
being readily detached whan finished. 

The reason why the soetkins of buiui ai\! usually mounted 
dry is that the lac-ance, bone cells, and citiialiciUi (re- 
sembling minute canals) show their Conns, &c, very per- 
fectly in this state, as they are hollow and contain air, 
whereas if they become (Hied will: liquid or balsam — which 
does sometimes occur — thoy hecovne almost indistinguishable. 
There arc some dark specimens, however, where the cells are 
a' ready filled with ether matter, and it is well to mount these 
with balsam and so gain a greater degree of transparency. 
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To obtain a true knowledge of the structure of bone, 
sections must be out as in wood, both transversely and 
longitudinally ; but with fouil boues, without the lapidary's 
wheel, it is a laborious task, and indeed can seldom be 
properly accomplished. In this place, also, it may be 
mentioned that by submitting bene to the action of muriatic 
acid diluted ten or fifteen Linns with water, the lime, &C, is 
dissolved away and the cartilage is left, which may be cut 
into sections: in aausUt; poLo-uli- the animal matter is got 
rid of. Both of these preparations may be mounted in 
fluid. 

The method of cutting thin sections of bone may ho also 
employed with the stones of fruit, vegetable ivory, and such 
like substances ; many of which show a most interesting 
arrangement of cells, especially when the sections are trans- 
verse. Most of ih is.se ::': : : e.;ts present a different appearance 
when mounted ilnj to that which they bear when in halsam, 
owing to the cells becoming iT.led ; and to arrive- at a true 
knowledge of thein we must have a specimen mounted in 
both ways. 

Some will perhaps remo^k that most ef the direction;; for 
section cutting are given to those who are totally without 
artificial power, and must- rely upon their own manual exer- 
tions. I reply that these hints are mostly given to such ; 
but Mr. Butter wor t.h's directions to use the lathe are so 
ample, that a repetition of them at the mention of each class 
of ' : sectional " substance would be mere t ■rit'ile.'yy. 

To those who study polarized light, few objects are more 
beautiful than sections of the deferent kinds of born. We 
witi briefly inquire into the best uie'.hoi'i of cutting these. 
There are three kinds of horn, the first of which is hard, 
as the stag's, and must be cut in the same manner as bone. 
The second is somewhat softer, as the cow's. The third is 
another and still softer formation, as the " born " (as it is 
termed) of the rhinoceros. In cutting sections of the two 
last we should succeed best t>y using the machine invented 
for these purposes, which I shall shortly describe when the 
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method of catting wood is considered. To aid us in this 
when the horn is hard it must be boiled for a short time in 
water, after which the cutting will be more easily affected. 
The sections should be both transversa and longitudinal, 
those of the former oiler, showing cells with beautiful crosses, 
the colours with the sde-nito phi to lu.-inj; truly splendid. Of 
this class the rhinoceros horn is one of the best ; but the 
buffalo also affords a very handsome object. The cow's, and 
indeed almost every dillVrent kind of horn, well deserves the 
trouble of mounting. Whalebone, when cut transversely, 
strongly resembles those of the third avid softer formation.. 
All those are best seen when mounted in Canada balsam, 
but care must ho taken that t-hoy have been thoroughly dried 
after cutting, and then steeped in turpentine. 

An interesting object may also lie procured from whale- 
bone by cutting long sections of the hairs of which it is 
composed. Down the centre of each hair we shall find a 
line of cells divided from one another very distinctly. And 
(as recommended in the Mierographie Dictionary) if 
whalebone be macerated twenty -four hours in a solution of 
caustic potash it will be softened, and by afterwards digest- 
ing in water, the outer part will be resolved into numerous 
transparent cells, which will show more plainly the structure 
of this curious substance. 

An object which frequently comes to the hand of any 
man who moves about in the world is a porcupine quill. 
This is a really valuable object lor the microsoopist. Trans- 
verse and longitudinal sections possess their respective 
beauty; and their appearance varies somewhat as to the 
distance from the point at which the section is made. 
Soaking in hot water for a short time renders it easy enough 
to cut, and when dry and mounted in balsam the student is 
well repaid. 

In a former chapter, hairs were mentioned, their many 
and interesting forms, and their beauty when used with 
polarized light. The sections of them, however, are no less 
a matter of study, as this mode of treatment opens to sight 
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the outer "casing," anil tlie inner substance somewhat re- 
sembling the pith of plants. 

It would be out of place to enter into the description 
of the different forms met with ; bnt the ways in which 
sections are to be procured may bo noticed. If transverse 
sections are required, sonic plu.ee a quantity of hairs betwixt 
two flat pieces of cork, which by prelum hold them firmly 
enough. together to allow the required portions to be cut 
with a razor. Others (alio a, bundle of the hairs and dip 
it into gum or gluo, whieb givut, it when dry a solidity equal 
to wood. Sections of this are then cut with the machine 
mentioned a little further on, and these may be mounted in 
balsam. The human hair is easily procured in the desired 
sections by shaving as chisel v as possible a second time and 
cleansing from the lather, &c., by carefully washing. Most 
hairs, however, should be examined both transversely and 
longitudinally. It is not difficult to procure the latter, as 
we may generally split them with the aid of a sharp razor. 
In a great number of hairs there 5s a quantity of greasy 
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Coinciding with this opening is a brass tube, fiscd In tbe 
nndcr side of the fe.ble (if it may be termed so). This tube 
is so cut at the bottom as to lnk"e a fine .screw. Another 
screw ia also placed at tlie same end of the "table," which 
works at right angles to this, so that any substance in the 
tube may be wedged firmly by working this last screw. To 
use this instrument, the piece of wood or other object of 
which a section is required must be placed in the tube, 
when, by turning the screw underneath, the wood is raised 
above the brass plate more or less as wished, and by using 
the screw at the end, it is held firmly in the same position. 
With a flat chisel the portion of the object which projects 
above the surface of the brass plate may now be cut off, and 
by means of the bottom screw another portion may be 
raised and treated in the same manner. As to the thickness 
of which objects should be cut, no proper directions can be 
given, as this differs so greatly that nothing hut experience 
can be any guide. The name thickness can be obtained by 
working the screw underneath in uniform degrees, the head 
being marked for this purpose ; and. where the substance to 
be cut is very miirh smaller than the hole in the brass plate, 
it may be wedged with cork. 

*As this instrument is peculiarly adapted for cutting 
wood (though used for other substances, as before men- 
tioned), I shall notice a few particulars concerning this 
branch of sections. It may here be remarked, that to 
obtain anything like a true knowledge of the nature of 
wood, it should be cut and examined in at least two direc- 
tions, across and along. The piece of wood is often placed 
in spirits for a day or two, so that all resinous matter may 
be dissolved out of it ; it must then bo soaked in. water for 

* M. Mouchet, in order to avoiil all d'n i :_'■:■ :■ -.1 " he;i nis" in cutting 
wood sections, procured a lrnlfu ivii.li n tea; unreal 'it- Made. This was 
fastened at the end upon a [Li.it plate, in order to revolve, as wo may 
call it, tbul.andle hems long ern.v.oli to (five leverage fur any reouireii 
power. TSie svoon -nopi ri. !; r beiiii: placed ia a [.ivoianlile pc^iiion, 
the knife is casi'.y 'uiejiiai .L rov.adj a'i'.l the sootier, i.-a". by ji d'c.dar 
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the same length, of time, ho as to soften and render it easy 
to cut. Sections niny then be obtained in the manlier just 
described, but they often curl to sncb. a degree from their 
previous immersion in water as to render pressure necessary 
to flatten them until dry. They are often mounted dry, 
and require no care beyond other objects, as in Chapter 
III. Some, however, are best mouuled m balsam, par- 
ticularly the long sections when used for the polariseope ; 
these must bs soaked in turpentine, and the greatest care 
taken that all air-bubbles are removed. Others are thought 
to be most useful when mounted in rdiallov,- cells with some of 
the preservative li'jaUh mentioned in Chapter Y.— weak 
Spirit and water, chloride of calcium solution of the strength 
of one part of the salt to tlivac parts of distilled water, &c. 

The above " section-cutter " may not be within the reach 
of every student, nor is it absolutely necessary; though where 
any great number of specimens is required it is very useful, 
and insures greater uniformity in the thickness. Many 
employ a razor for the purpose, which must always he kept- 
sharp by frequent stropping. Sections of leaves also may 
be procured by the same means', thouiiii, a?! before mentioned, 
they are sometime,- divided by stripping the coatings oil 
with the fingers. The cells which come to sight by cutting 
some of the orchideous plants are most interesting. To cut 
these leaves they may bo hud upon a, fiat piece of cork, thus 
exposing the razor to no danger of injury by ooming in 
contact with the support. It may he mentioned here that 
the razor may also be used in cutting sections of the rnsh, 
than which a more beautiful object can scarcely be found 
when viewed transversely, as it shows the stellate arrange- 
ments of the parenchyma. This should be mounted dry. 
In the same way sections of flic te .if- stalks of ferns may also 
be cut, some of which, as Dr. Carpenter states, show the 
curious ducts very beouiiiuLy, especially when cut rather 
obliquely. 

It has been found a ready method of cutting sections of 
the rush and such like plants, to snek a solution of gum up 
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The plan adopts by snoat practioal biologists for cut- 
ting ^eetions of soil issues is lis follows :— The tissue to bo 
out is first hardened by immersion in a chromic acid solu- 
tion varying in strength from 0"2jj to 2 per cent., or by im- 
mersion in alcohol. The substance to be cut may then be 
embedded in melted wax and spermaceti, in proportions 
suitable to the nature of the substance to be cut ; when 
this is cold tin: suction may be cut with, a ra/.'jr ground 
flat on one side, and may then be (loated off in spirits of 

These sections mount very well in Canada balsam, if 
after being removed from the spirit they are immersed in 
oil of cloves till they become clear, then put into turpentine 
before the balsam. The thinness of the section will depend 
very much on the dexterity of the operator, but section- 
cutting instruments for soft tinues can now be obtained at 
most scientific instrument shops. 

When sections of softer substances arc required, no instru- 
ment can be compared with " Valentin's knife," which con- 
sists of two steel blades Win- parallel with each other and 
attached at the lower end. The distance of separation may 
be regulated at will by a small screw near the handle. 
When, therefore, a section is wanted, tho substance must 
be cut through, and betwixt the blades a thin strip will be 
found, which may be made of any thickness, according to 
the distance of their separation. By loosening the screw 
the blades may be extended, and the section may be floated 
out in water if the damp will not injure it. The knife cuts 
much better if dipped in water or glycerine immediately be- 
fore use, and also when tho substance to be operated upon 
is wet, or even under water altogether; but care must be 
taken, alter use, to clean the blade:; there'..! jrhly and oil them 
before laying by, if the pkoe is at all damp. This instru- 
ment is most useful in such subjects as anatomical prepara- 
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tlons where the sections arc i-ecMiii-oil to show the position of 
the different vessels, &c. ; but, as before stated, is very valu- 
able for all soft substances. As an instance of this, it may- 
be mentioned, thai it is frequently used in cutting sections 
of sponges; but as these arc often very fall of spicula, 
it is mueh better to press the sponge Hat u'ntil dry, and then 
cut off thin shavings with a very sharp knife; these shav- 
ings will expand when placed in water. After this they 
may he kid betwixt two flat surfaces and dried, when they 
may be mounted as other dry objects, or, when desirable, in 
balsam. 

V '..dentin's knife is very much used in takin 
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given in the Microscajnc Jouraa 
found that much better sections 
dried specimens. A portion of ah 
between two thin slips of deal, I 
round them so as to exercise a slight degree of compression ; 
the preparation is now laid aside for twenty-four hours, 
when it is found to be dried to ait almost horny condition. 
It then adheres firmly by its lower surface to one of the 
slips, and thus it can be held seen rely, while extremely thin 
and equable section.'; an: cut with great facility in any plane 
that may be desired. These sections, when moistened with 
a drop of water ar.d treated with acetic acid, are as well 
suited for the investigation of the muscular tissue as if they 
had not been dried." 
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rings with a cross, the long line of which passes through 
both, the short line dividing it in the middle. 

The process of cutting these sections is rather difficult, 
but a little care and persevei thick will eoni;Ticr all this. The 
following is extracted from the Ewirfcn"',,! ia Metropoltiana : 
"Nitre crystallizes In long six-sided prisms whose section, 
perpendicular to tlicir s.ides, in the regular hexagon. They 
are generally very much interrupted in tlioii- structure; but 
by turning over a considerable tjnaiitity of the ordinary 
saltpetre* of the shop; specimens are readily found which 
have perfectly transparent portions of some extent. Select- 
ing one of these, cut it with a knife into a plate above a 
quarter of an inch thick, dheotly across the axis of the 
prism, and then grind it down on a, broad wet file till it 
is reduced to about one quarter or a. sixth of an inch thick, 
smooth the sarfa.ee on a wet piece of emeried glass, and 
polish on a piece of silk strained very i.hdst over a strip of 
plate-glass, and niched with a mixture; of' tallow and coleo- 
thar of vitriol. This operation requires practice. It cannot 
be effected unless the nitre be applied wet and rubbed till 
quite dry, increasing the rapidity of the friction as the 
moisture evaporates, ft must be performed in yloves, as 
the vapour from the fingers, as well as the slightest breath, 
dims the polished surface elfeetu filly. "With these precau- 
tions a perfect vitreous polish is ea..;ily obtained. We may 
here remark, that hardly any two salts can be polished by 
the same process. Thus, lijchelle s;i!<: must bo finished wet 
on the silk, and itista.ntiy transferred to soft bibulous linen 
and rapidly nibbed dry. Experience alone can teach these 
peculiarities, and it is necessary to resort, to contrivances 
(sometimes very strange ones) for the purpose of obtaining 
good polished sections of soil crystal*, especially of those 
easily soluble in water. 



* Sometimes the saltpetre of tho shops is ni 

this h ; ::i;.:-i>t!yo< ! !i, i iii:se ! .nir,, it is ■.veil tdnM^n 
nitrato of poldih, which is free from this defeat, 
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"The nitre is thus polished on both its surfaces, which 
should be brought as near us possible to parallel ism." 

Some sections of the 1 1 Lit u rally formed crystals also show 
tho "rings" very well, — sis Iceland spar, which gives a 
single ling and cross ; but the difficulty of cutting and 
polishing them is almost too gmit for the amateur, and 
must be left to tho lapidary. This ■curious phenomenon, 
however, may bo soon hy usitig a. plate of iee uninterruptedly 
formed of about one inch in thickness, 

Before concluding these remarks or, sections,! must men- 



the two parts, and the cork llirasi into tho tube, a sufficient 
degree of iirrmicss v,-ill ho obtained to resist any necessary 
cutting. 

* Mr, T. K. Parker informs tho that, lie uses paraffins as an " ob- 
ject-support" when -sections are n:i|nit-od, as iVlows : — " The mixture 
I use for nmbefiiliu;; ■■'■ ;:■! \- o u ■:■■:- 1-1 ..:!:.! p; i-.nlir.jc ( ord hiary paraf- 
fins caudles will do very '.volli ^jn.-itod down an.; mixed with a little 
paraffins oil, without which the parailmo is toe ban! to 1)0 easily cut. 
The mixture when cole is cut. into suitable pieces, a bole is scooped 
out in the centre, ll-,o ohio,:;. ;o he cut placed 1:1 it, and a little of the 
melted mixture poured round it. The sections are out with tin ordi- 
nary razor, which, e... ivcb as tho ohiee;, uiusv bo continually wetted 
with spirit. This 11 1 tu.l: i:-.T is useful f.-.r a'.: o"u;eeic which are either too 
small for the hand or i...n soil, or brill le to bo cu: ic tho ordinary way. 
It is especially uscf',-,1 icr hiV_oli,;:h.-al specimens, leaves, ombi-vus, 
fee." 
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The ether process of ili-vitii: tissims litis been described by 
Mr. Suffolk, at a meeting of the Quekatt Microscopical 
Club, and was communicated by Mr. (,'rookcr to him — it is 
as follows : — A wide- mouthed well-stoppered bottle must be 
selected. At the bottom i;< placed a. slioc from the bowl of 
a tobacco-pipe, forming a support for a. .IJ.-rlin crucible with 
its cover. A qun.iit.ity of i'n~ed ohbridi; of calcium in frag- 
ments is placed at the bottom of the bottle, which is nearly 
filled with pure ether, so that the crucible may be covered. 
The tissue to be dried is pkocd in the crucible, and is covered, 
if necessary to keep it from floating, by a piece of glass. 

The ether taVes water from the tissue, and the chloride 
iigain takes it from the ether; so that the section is thus 
gradually dried, ar 
however delicate it 
tho preparation of : 
deed is only fit for 
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hands may lie supported when working upon the stage. 
They should be weighty cuoa.q:!] to be free from danger of 

moving. These supports will also be found to remedy 
much of the weariness v.hieh inevitably arises from having 
to sustain the hands as well as work with them. The 
erector, as I before observed, is necessary to a young student; 
but with a little practice he may work very well without it. 

We will now notice some of the instruments which are 
most useful in dissection. Two or three different sizes of 
ordinary scissors should be possessed, but tho shapes must 
be as modified in others for many purposes, as those used by 
surgeons; a pair with the cutting parts bent in a hori- 
zontal direction, and another pair slightly curved in. a 
perpendicular; so that parts, of the substance operated upon 
may be reached, which it would be impossible to touch with 
straight scissors. One point of these is sometimes blunt, 
and the other acute, beine: Uims made very useful in opening 
tubular formations. Another form of these is made, where 
the blades of tho scissors are kept open by a spring, the 
handles being prosed together by the lingers. "Whore it is 
desirable, one or both of these handles may be lengthened to 
any degree by '.he addition of small pieces of wood. 

The Ksives which are most useful are those of the 
smallest kind which surgeons employ in very delicate opera- 
tions. These are made about the length of an ordinary 
pen-knife, and are fixed in rather long flattish handles; 
some are curved inwards, like the blade of a scythe, others 
backwards ; some taper to a point, whilst others again are 
broad and very much rounded. Complete hoses are 
now fitted up by the cutlers, of excellent quality and sur- 
prii*Sii;;ly cheap. 

Seedier.. — These are very useful and should be firmly 
fixed in handles us recommended in Chapter II. It is con- 
venient to have them of various lengths and thicknesses. If 
curved by heating and bending to any rf rpiircd shape they 
may be re-hardened by putting them whilst hot into cold 
water. Dr. Carpenter also uLiihes eelged instruments by 
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rubbing down needles upon a hone. They are more pleasant 
to work with when slwrt, as tha spring they have whilst 
long robs them of much of their firmness. Glass points 
made by drawing out jf'a'-s rod? to a point will bo found 
useful in manipulating with acids. 

A glass syrini/6 ia also useful in many operations, serving 
not only to cleanse the objects but to add to, or withdraw 
liquids from, the di/--!::c!i:i<:-i<--<- /.■<■. This trough will now he 
described, as many suhstaiiees are so Gauged by becoming 
dry that it is impossible to dissect them unless they are 
immersed in water during this operation. If the object be 
opaque and must bo wci!;od by roiuiuled'-^ht, a small square 
trough may ba made to the required she, of gutta-percha, 
which substance will not injure the edge of the knives, &<i. ; 
but where transparency is necessary, n. piece of thin plate- 
glass must he taken, and by the aid of marine-glue (as 
explained in Chapter Y.) sides affixed of the required 
depth. As pins, Ac, cannot be used with the glass troughs 
and the substance must be kept extended, a thin sheet of 
cork loaded witli lead in order to Iteep it under water may 
be used; but this, of course, renders the bottom opaque. 
When working with many thin substances, a plate of glass 
three or four inches long and two wide will serve every 
purpose, and bo more pleasant to use thau the trough. A 
drop or two of water will he as much liquid as is needed, 
and this will lie very well upon the flat surface As these 
are the principal apparatus and arrangements which are 
requisite in dissection, the method of proceeding in a few 
cased :uay now be noticed. 

Vegetables. — The dissection of vegetable matter is much 
less complicated than that of animal; maceration in water 
being a great assistant, and in many cases removing all 
necessity for the use of the knife, especially if hot water can 
be used without injury to the object, as is the case with 
many. This maceration may be assisted by needles, and 
portions of the matter which are not required may be re- 
moved by them. When, for instance, the spiral vessels 
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which are fount! in rhubarb are wanted, some parts con- 
taining these are chosen and left in a small quantity of 
water until the mass becomes soil, and this is more quickly 
effected when the water is not changed. The mass must be 
then placed upon a glass plate when practicable, or in the 
trough when large, and with the aid of two needles the 
matter may be removed from the spiral vessels, which are 
plainly seen with a, comparatively low power; and by con- 
veying these to a clean slip of glass, repeating the process, 
and at last washing well, good sneeimens may he procured. 
Most of these should be mounted in some of the preservative 
liquids in the warmer described in Chapter V. Many, 
however, may be dried on the slide, immersed in turpentine, 
and then mounted in. balsam ; but liquid is preferable, as it 
best preserves their natural appearance. Certain hinds of 
vegetables require a dillerent treatment to separate these 
spiral vessels. Asparagus is composed of very hard vegetable 
matter, and some have recommended the stems to be first 
boiled, which will soften thera to such a degree that they 
may easily be separate;!. Dilute aci-.is are also occasionally 
used to effect this; and in some instances to obtain the 
rapltides caustic potash may be employed ; but after any of 
these agents have been used, the objects must be thoroughly 
cleansed with water, else the dissecting instruments (and 
perhaps the cell) will be injured by the action of the re- 
maining portion or' i'.e sol'u-i ing agent. 

For the dissection of awi.nv.il /.issues it is necessary that 
the instruments be in the best order as to sharpness, &c. ; 
and as the rales to be observed mast necessarily be some- 
what alike in many instances, the treatment required by 
some of the objects most frequently mounted will now be 
described. We may here remark that cartilage can he 
best examined by tailing sections which will show the ar- 
rangement of the colls very perfectly. This, however, is 
plainly seen in tho mouse's ear without any section being 
necessary. Ulycirine, the preservative liquids before men- 
tioned, and Canada balsam are all used to mount it 
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but perhaps the first-named may be preferred in many 

olgects it will be well to notice 
>n preparing anatomical speci- 
mens. The process consists of four stupes — via., washing, 
divesting of fat, treating with tannin, and desiccation. A 
stream of pure water is injected through the blood-vessels 
and secretory ducts of the part to bo preserved ; the water 
is afterwards expelled by means of alcohol. To remove the 
fat, the vessels are iu like manner injected with ether, 
which penetrates the tissues and dissolves all the fatty 
These operations occupy about tw« " 



the object thus prepared may then be kept 


for a long time 


in ether, if desired. A solution of tannin ii 
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in a similar manner, and the ether washed c 


ut by a stream 
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iously used by 


dry heated air. Air compressed ia a rese 
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rf calcium : all 


moisture is thus expelled and the process 


is completed. 


The preparation thus treated is light, 


and retains 


its volume, its normal consistence, and all 


its histological 



elements. 

McsoLB.— This Is what is commonly called the flesh 
of animals. If a piece be laid upon the slide under the 
microscope, bundles of fibres will be perceived, which with 
needles and a little patience may be separated into portions, 
some of these being striated, or marked with alternate spaces 
of dark and light. Some of the non-striated or smooth class 
of muscle, such as is found in intestines, may be prepared 
for the microscope by Immersing for a day or two in nitric 
acid diluted with three or four parts of water, and then 
separating with nei'-dlrrs ar.d mounting us soon as possible. 
Sometimes boiling is resorted to to facilitate the separa- 
e or no alteration in the material. 
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Specimens are often taken from the frog and the^ij, as 
being amongst the Ijeat, Go't'J '.;/'.-' Sohdhii being generally- 
used in mounting Uii^n. The iimincies of insects also show 
the strins very perfectly. 

!Nis)iVK-TjsSi;ii. — This is seldom mounted; as Dr. Carpenter 
observes, "no method ot ijrest'rdns the nerve-tissue has 
been devised which makes it worth while to mount pre- 
parations for the sake of displaying iti minute characters," 
but we will mention a few piLvUcubirs to he observed in its 
treatment. The nervo should be taken from the animal as 
soon as possible tt.fl.ni' death, and laid upon a glass slide, 
with a drop or two of serum if possible. The needles may 
be used to clean it, but extreme delicacy is necessary. It 
will be found that the nerve is tntnlar and filled with a 
substance which is readily ejected by very slight pressure, 
When the nerve is submitted to the action of acetic aeid, 
the outer covering, which is very thin, is considerably con- 
tracted, whilst the inner tube is left p'.\i jetting; and thus is 
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nerve -tissue- in a mixture of f;iyeorii]e and carbolic acid in. 
the proportion of fifteen of the firat to] one of the second. 
To mount these suction*, they must now be steeped in pure 
spirit for two hours, am] afterwards in oil of turpentine, and 
lastly mnst be mounted in Canada balsam. 

Dr. Lionel Bea!e recommends the use of chloride of gold 
for colouring nerve fibres. A solution containing from 2 to 
1 per cent, in distilled waier should bo made. The tissue 
having heen son It fid in it until it becomes straw-coloured, ia 
to be washed, and thou placed in very dilute acetic acid 
containing one per cent, or less. The nerves exhibit a blue 
or violet tinge on exposure to light for a few hours. He 
speaks a l so of solution of osmio acid for the same purpose, 
1 part to 100 of water, hut not with much approval. The 
aniline colours, such as magenta and solferino, may, accord- 
ing to the same authority, hf: also em ployed for most tissues. 
They are not very soluble in water, but arc readily dissolved 
by alcohol. A grain of the colour, 10 to 15 minims of 
alcohol, and an ounce of distilled r.-atcr, mah a dark red or 
blue (purple) solution which colours tissues very readily. 
For these and many other useful fonunku for the same pur- 
pose, the reader may consult '■ Boalo on the Microscope." 

Dr. Klein, in "No, -tO of the Jl:.-- ■■.■':■■■'■/.''/'■■,■,■«■■■ '.■..' ■■!!? Jov.-ni.al, 
in order to demon-:. rate tin 1 nerve;, of the cornea, takes that 
of the rabbit or guinea-pig, a quarter or half an hour after 
death, and places it in a half per cent, solution of chloride 
of gold, for from one and a half to two hours— that of the 
guinea-pig for an hour to an hour and a quarter. After 
that, the cornea is washed in distilled water, and exposed to 
the light in distilled water for from 24 to 36 hours (the 
water being changed twice, or oftener). After this time has 
elapsed, the cornea is transferred into a mixture of one part 
pure glycerine and two of distilled water, where it remains 
for two or three daya. Up to this time the cornea haa not 
assumed a darker colour than ash-grey, perhaps having a 
violet tint ; at all events the whole of the cornea is trans- 
parent. It is then brushed over on its anterior surface 
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in about a minute. Komove i ho sunes-iluous acid with 
blotting-paper, when two or three drops of chloroform must 
bo poured upon the section and remain one minute. Drain 
off and place upon the object the solution of Canada balsam 
in benzole, and apply the thin glass oo<rer. Or place the 
object in ordinary spirits of wine for about a minute to wash 
it, then remove into absolute alcohol for five minutes. Lay 
it upon the slide and drain, cover with one or two drops of 
benzole for about a minute, tilt to drain off, and proceed as 
above. 

Both these methods are good, but the first does not 
always answer for sections of liver, as they generally are 
acted upon by carbolic acid ; hut few other tissues are thus 
allbcied. Tinted specimens sceu. equally safe when mounted 
in this way. 

Suctions era Be aim ash Sknat, Coetj.— Dr. Bastian 
gives his experience of these tissues as follows ; — I immerse 
the section for about ten minutes in absolute alcohol diluted 
with eight per cent, of water, thou place upon the glass 
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slide, and before it becomes dry pour over it two or three 
drops of pyroaeetie acid for about half a minute. Tilt this 
off and replace by chloroform. 'Watch the effects, as before, 
under the microscope, and then cover with the Canada 
balsam solution and finish. These specimens, however, are 
not always permanent in their appearance, according to the 
re^iSts of some. 

Mr. Alfred Sander? £we? hi? e^it'iienee u.s differing some- 
what from this. Tie says — The brain, or other structure, 
being, as usual, hardened in chromic acid, the section is put 
for a short time in spirits of wine, and thence transferred to 
the creosote, which in altos it transparent in a few minutes, 
when it is placed in Canada balsam. The balsam will mis 
easily with the creosote, or the solution in benzole may be 
employed. 

TjjachejE op Insects, &a. —The nature of these was de- 
scribed in Chapter IT., but the method of procuring them 
was not explained, as this clearly belongs to dissection. 
The larger tubes arc readily separated by placing the insect 
in water, and iiiimj as thinly us po.ssilile, when the body 
must be opened and the viseera removed. The tracheas may 
then be cleaned by the aid of a camel-hair pencil, and 
floated upon a glass, where they must first be allowed to dry, 
and then be mounted in balsam. Mr. Quekett gives tho 
following method of removing the trachea"! from the larva of 
an insect : — " Make a small opening in its body, and then 
place it in strong acetic acid. This will soften or decompose 
all the viscera, and the trachea; may then be well washed 
with the syringe, and removed from the body with the 
greatest facility, by cutting away the connections of the 
main tubes with the spiracles by means of tine-pointed 
scissors. In order to get them upon the slide, it must be 
put into the fluid, and the trachea: iluatcd upon it; after 
which they may be laid out in their proper position, then 
dried and mounted in balsam." If we wish them to bear 
their natu/ral appearance, they must be mounted in a cell 
with Goadby's fluid; hut the structure is sometiines well 
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shown in sspecimf::ia Tn'Mieted dry. As before mentioned. 
these trachea) terminate on the outside in openings termed 
spiracles, which are round, oblong, and of various shapes. 
Over these are generally a quantity of minute hairs, forming a 
guard against the entrance of dust. The forms of these are 
seldom alike in two different kinds of inserts, so that there 
is here a wide field for the student. The dissection, more' 
over, is very easy, as they may be cut from the body with 
a sharp knife or scissors, and mounted in balsam or fluid. 
Many of the lar\-!0 niTord good specimens, an do also some 
of the common Coleopterous insects. Perhaps, no more 
satisfactory object can be met with to iive the student good 
examples of sp-u-ac'los than the water-beetle Dytiscus, before 
mentioned, as affording such perfectly beautiful suckers. 
They will be found to vary in appearance according to the 
part of the body from which they are taken ; but all are 
equally interesting. 

Mr. Lewis Of. 'Mills, LL.B., Rives the following account of 
his extracting the poison glands from a spider :— Having 
killed a large spider with chloroform, I left it in water for 
seven or eight days. This, treatment r.sually softens the 
outer skin of insects and causos the viscera to swell, so as 
to burst through the 0'iter integument, and it is in this 
state, perhaps, that., the jim'sois. gh.ivh are most easily dis- 
covered and traced to their points of attachment. I then 
drew the mandibles from flic body, and, having placed 
them with a little water on a slide and covered them with a 
piece of thin glass, I found that, upon the application of 
pressure, the two glands shot out and protruded from the 
bases of the mandibles. I tore open one of the mandibles 
with needles, so as to disturb the <;!and as little as possible. 
The gland then appeared as a closed sac, attached by a 
hollow cord, about the length of the eland if self, to the base 
of the fang, where also was a large bundle of muscular 
fibre. 

Fish.— The most iiiiyiTstir.g part of fish to the micro- 
scopic anatomist is undoubtedly the br-xiihing apparatus. 
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It is not a very il-'lnonlt: matter to ope v. the ) - 1? aci and remove 
the gills, which are very beautiful. Under the outer covers 
lie a quantity of thin plates or leaves (as of a, hook) which 
in different lishcs arc of various shapes, hut are made like 
net-work by the numerous veins and arteries which convey 
the blood to he acted upon by the air and gases in the 
water, as is done in the lungs of a man. These plates are 
of such nnmbers that in a good-sized salmon the surface 
exposed has been estimated at two thousand square inches, 
i.e., about fourteen square feet. The beauty of these is, 
of course, not perfectly shown until they are injected, which 
will bo noticed elsewhere. 

Tongues, oil Palates, op >[o;,i,"usr:s. — Of the nature of 

these, Dr. Carpenter givt-* tin: following description :— " The 
organ which is commonly knov.'n mi dor this design wi-ion ii 
one of a very singular nature ; and. we should be altogether 
wrong in conceiving of it as having any likeness to that on 
which our ordinary ideas of siteh an organ aro founded. 
For, instead of being a projecting body, lying in the cavity 
of the mouth, it is a tube that passe* backwards and down- 
wards beneath the mouth, its higher end being closed, 
whilst in front it opens obliquely upon the floor of the 
mouth, being, as it were, slit up and spread out so as to 
form a nearly flat surface. On the interior of the tube, as 
well as on the flat expansion of it, we find numerous trans- 
verse rows of minute teeth, which are sot upon flattened 
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tlie tongue must bo then detached from its fastenings, and 
placed in water for a day ot two, when nil foreign matter may 
with, a little earn bo removed. In what way it should be 
mounted will depend 0:1 the purple for which it is intended. 
If for examination els an ordinary oljji.-ot, it may lie laid 
upon tho slide and allowed to dry, which arrangement will 
show tlie teeth very well. If we wish to see it as it is natu- 
rally, it must bo mounted in a, cell with Goadby's fluid ; but 
if it is wanted aa a polarizing object', it mast be floated upon 
a alide, allowed to dry thoroughly, and then Canada balsam 
added in the usual manner. 

In the stomach, also, of some of these molluscs teeth are 
found, which are very interesting o'ojce.ls to examine, and 
must be dissected out in the same manner as the 
tongues. 

Since writing the above, Dr. Akock (whose very beau- 
tiful specimens prove hira to be a great authority in this 
branch) has published some of his experience in the second 
volume of the third series of " Memoirs of the Literary and 
Philosophical Society of Manchester." By his permission I 
make the following extract :— 

"This closes my present com muni cation on the tongues 
of mollusca ; but as some members may possibly feel 
inclined to enter upon the inquiry themselves, I think it 
will not be amiss to add a few remarks on the manner in 
which they are to bo obtained. 

" First, as to tho kinds best worth the trouble of pre- 
paration. Whelks, Limpets, ami Troth uses should be taken 
first. Land and fresh-water snuils can scarcely be recom- 
mended, except aa a special study,— their tongues being 
rather more difficult to rind, and the teeth ao small that 
they require a high power to show them properly. It 
would appear, from Spaliaimmi's desii-ripUon of the anatomy 
of the head of the snail, that even he did not malco out this 
part, although, in bis turicin nb^emi.tions on the reproduc- 
tion of lost parts, he must have carefully dissected more 
snuiU than any other man. 
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"As to preserving tlie animals till wanted, they should 
simply be dropped alive into glycerine or alcohol. Glycerine 
is perhaps best where only the tongues are wanted ; but it 
leaves the animals very soft; and as it does not harden 
their mucus at all, they are very slippery and difficult to 
work upon when so preserved. 

"Then as to the apparatus required for dissection. In the 
Erst place, all the work is to be done under water, and a 
common saucer is generally the most convenient vessel 
to use. No hind of fastening down or pinning out of the 
animal is needed ; and, in fact, it is much better to have 
it quite free, that you may turn it about any way you wish. 
The necessary instruments are a needle-point, a pair of 
lino -pointed siiissors, liim.1 small forceps ; the forceps should 
have their points siightly turned in towards each other. 

"A word or two on the lingual apparatus generally, and 
on its special characters in a few different animals, will con- 
clude what I have to say. 

"The mode of using the tongue can be easily seen in any 
of the common water-snails, when they are crawling en the 
glass sides of an aquarium; it may then be observed that 
from between the fleshy lips a thick mass is protruded, with 
a motion forwards and upwards, and afterwards withdrawn, 
these movements being almost continually repeated. The 
action has the appearance of licking; but when tho light 
falls suitably on the protruded structure, it is seen to be 
armed with a number of bright point?, which are the lingual 
teeth, so arranged as. to give the organ the character and 
aetion of a rasp. 

"If you proceed to dissection, and open the head of one 
of these mollusca (say, for instance, a common limpet), you 
will find the cavity of the mouth almost filled with the thick 
fleshy mass, the front of which is protruded in the act of 
feeding; and on its upper surface, extending along the 
middle line from back to front, is seen the strong membranous 
band upon which tho teeth are set. The mass itself consists 
of a cartilaginous frame, surrounded by strong muscles ; and 
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these structures constitute the whole of the active part of 
the lingual apparatus. 

"But the peculiarity of the toothed in cm bran e, which 
makea its name oi' rihiKH so appropriate, is, that there is 
always a consiueriiljle luiigib of it behind the mouth, per- 
fectly formed, anil ready to come forward anil supply the 
place of that at the front, '.vlilcli is continually wearing away 
by use. 

"Id the limpet this ro=crve ribbon is of great length, 
being nearly twice a* long- as the body, and the whole of it 
is exposed to view on simply removing l.lie foot of the animal ; 
nothing, then, can be easier than to extract the tongue of 
the common limpet. But, unfortunately, what you find in 
one Mud of mollusc is not at all what you find in another. 
In the Acmreas, for instance, which are very closely related 
to tho limpets, and 'nave shells iviiicli cannot be distinguished, 
the reserve portion of the ribbon has' to be dug out from the 
substance of the liver, in which it is imbedded, that organ 
being, as it were, a timber! completely throi;<:h by a long 

loop of it It might, be thought a comfortable 

reflection that, at all events, one end of the ribbon can 
always bo found in the mouth ; but in many cases this is 
about the worst place to look for it. Perhaps it way appear 
Btrange that in some of the BmuIItir specie;!, with a retractile 
trunk, a beginner may very likely fail altogether in his 
attempt to find the mouth ; if, however, the skin of the back 
be removed, cor.imoncini; just behind 'Jie tentacles, there will 
be very little diiheulty in making out the trunk, which either 
contains the whole of the ribbon, as in the whelk, or the 
front part of it,' as in .Purpura and Mures, where a free 

coil is also seen to hang from its hinder extremity 

In the periwinkles the same- plan of proceeding, by at once 
opening the hack of the animal, is best; and on doing so, 
the long ribbon, coiled up like a watch -spring, cannot fail to 
be found. 

" In the lYochuscs, end indeed i;i (ill tho ScuiibrancMaia, 
one point of the scissors should he introduced into the 
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before mounting, remove to alcohol. To mount it, remove 
from the spirit and boil a short time in turpentine, when it 
can be put up in Canada balsam. Mr. May espressos him- 
self as " etandiruj t'l.Urhj o.<jlat#l " at any man so interfering 
with nature as to put up these objects in balsam, thus 
pressing and destroying their true forms. He recommends 
a cell and a weak form of Goadby'e solution. 

Amongst insects, especially the grasshopper tribe, are 
found many which possess a gizzard, armed with strong 
teeth, somewhat similar to those of the molluscs. It 
requires great nieety of manipulation to obtain these for the 
microscope; but Mr. L. G-, Mills, before quoted, gives the 
following instructions : — Kill the insect, with chloroform and 
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place it :n a vessel of water. Hold it down firmly with a 
pair of tweezers, and with the back of a dissecting knife 
draw the head steadily from the body. The head brings 
with it the stomach, gizzard, arid due? portion of the digestive 
tubes. Place all ihese under a iliss.ee' lug microscope, when 
the gizzard, being just below the stomach and darker in 
colour, is easily distinguished, and may be separated by two 
cuts with the knife. It then forms a short tube, the teeth 
being inside. The open lug-out >■■'■'. Oris into, especially if it 
be small, require;' delicate handling : if the point of a line 
knife can be fairly inserted, then one firm cut downward 
upon the glass will Jay open the gizzard. Here great care 
ia needed ; and sometimes it is well to put a fine needle up 
the tube, and cnt down upon the needle. Among the 
small weevils the membrane is delicate, so that great care 



Wc have now considered most of those objects which 
require any ^efmlvtr treatment in section -cutting, &o. ; but 
in no branch of microscopic rnanipcdauon is experience more 
necessary than ia this. 
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1. Injection is the filling of the arteries, veins, or other 
vessels of animals with some coloured substance, in order 
that their natural iivra.ngemiji'.t may 1* in rule visible. This 
is, of course, a delicate operation, and needs special appa- 
ratus, which I will now attempt to describe. 

"2. Syrmr/c— This is usually jnaiie to contain about two 
ounces. Ou each side of the part nest to the handle is a 
ring, so that a finger may be thrust through it, and the 
thumb may work the piston as in an ordinary syringe. 
The plug of tlio piston must be packed with soft leather 
well oiled or greased, in order to free it from all danger of 
any liquid penetrating it, and fit to closely as to bo perfectly 
air-tight; and if, when it has been used awhile, it is found 
that some of the liquid escupes past: the plug into the back 
part of the body, it must he v.parMil, which operation will 
be best understood by examining the part. These syringes 
are made of various sizes, but in ordinary operations the 
above will be all that is needed. The nomtle is about an 
inch long, and polished an accurately that i.hcro is no escape 
when the /■■';"« arc tightly placed upon it dry. 

H. The pipes are usually about an inch long, to their 
pnds arc affixed thicker tubes so as to lit the nozzle, as 
before mentioned, whilst a short arm projects from each 
side of these, so that the silk or thread which is used to tie 
the artery upon the thin pipe, may be carried round these 
arms, and all danger of slipping otf prevented. The pipes 
are made of different sizes, from that which will admit only 
of a very fine needle (and this will need now and then to be 
cleaned, or to be freed from any chance obstruction), to 
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that which will take a large pin. These sizes must always 
be at hand, as the vessels of .seine snVjeets are exceedingly 
minute. 

i. SUq->",i->rt;.—T]m is a shoit pipe like a small straight 
tap, which fits accurately upon the end of the syringe like 
the pipes, and also takes the pipes in. the same manner. 
The use of this is absolutely necessary when the object is 
so largo that one syringe full of liquid will not fill it. If 
no preventive wore used, come part of the liquid would 
return whilst the syringe was being replenished, but the 
stopcock is then turned as in an ordinary tap, and all 
danger of this effectually removed. 

5. Curved needles. — These are easily made by heating 
common needles at the end where this eye is situated, and 
bending them with a, small pair of pliers into a segment of 
a circle half an ineh in diameter. They sire, perhaps, more 
convenient when the bent part is thrown slightly back 
where it commences. The pointed end is then thrust into 
a common penholder, and Lin.: needle needs no re-tempering, 
as the wort for which it is wanted is simply to convey the 
thread or silk under any artery or vessel where it would be 
impossible to reaeh with unassisted fingers, 

6. A kind of forceps, commonly known by the name of 
"bulldog forceps," will he eoii3la.ni.ly required during the 
process of injecting. These are short, usually very strong, 
hut not heavy, and close very tiiilitly by their own spring, 
which may be easily overcome and the artery so released by 
the pressure of the fingers. When any vessel has not been 
tied by the operator, and lie finds the injected fluid escaping, 
one of these " bulldogs" may be taken up and allowed to 
close upon the opening. This will cause very little in- 
terruption, and the stoppage will be almost as effectual as 
if it were tied. 

1. When the ordinary mode of injection is employed, it 
is necessary that Use preparations he kept warm during the 
time they are used, otherwise the gelatine or size which they 
contain becomes stiff, and will not allow of being worked by 
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the syringe. For this purpose we must procure small 
earthenware or tin pots of the size required, which will 
differ according to the kind of work to he done ; and to each 
of these a loose lid should be adapted to protect it from 
dust, &c. These pota must he allowed to stand in a tin 
bath of water, under which a lamp or gas flame may be 
placed to keep the temperature sufficiently high to insure the 
perfect fluidity of the mixture. The tin bath is, perhaps, 
moat convenient when made like a small shallow cistern; 
but some close it on the top to place the pots upon it, and 
alter the shape to their own convenience. 

8. We will now inquire into Home of the materials which 
are needed in this operation ; the first of which is size. 
This substance is often used in the form of i/hie, but it must 
bo of the very best anil most transparent kind. To mu];e 
the liquid which is to receive the colours for the usual n 



of iujecti 
it one q 


n B .t*k« 

i; rut of 


■ of this 

clean ■ 


, glue sev, 

water; all 


n ounces, and , 
rw this to sta 


ad a 


fev.. 


hours, ai 


jd then 


boil gen 


tly until i 


t is thoroughly 


disso 


Ived, 


stirring 


with a 


wooden 


or glass 


rod during tin 


i pre 


■cess. 


Take all 


impuri 
r other 


ties froi 


r. the eur 


face, and strain 


thr 


ough 


jlii.imel o 


fine rr 


.edium. 


The weather ai 


Feots 


this 


ft little , 


la to il 


,s still'n 


ess when 


cold, but this 


mus 


it be 


countu-u,. 


>ted by 


adding 


a little 


more glue if i 


bund 


too 


liquid. 














9. Ins 


tead of 


glue, g. 


jlatine is 


generally used, 


espe, 


lially 


when Ihf 


> work t 


o be act 


.ivephr'hve. 


is of the finer ': 


dud. 


The 


proper^ 


to aboi 
e glue, i 


very different in 


this case, one 
of water being 
few hours in a : 


suffi. 




£;■■■: -.iti in! 
TIns, hi- 


oust he 


soaked a 


pan 


of the c 


old wat 


er, the 


remainder 


being boiled a 


ud a 


dded, 


when it 


must be 


stirred 


until dis 


solved. A goot 


I size 


may 


he .ru-.de 


by boil 


h,g clea 


n strips , 


rf parchment f< 




rhile, 


and the; 


i strair 


.icjt the 


liquid w! 


lilst hot through iia 


anel; 


hut whei 


i the in 


joct : or.R 


are to b< 


i transparmt, it 




f the 


greatest 


imperii 


race thi 


it the siz 


e be as colourh 


ibs at 


■ pos- 


sible. For this 


"urpos. 


3 good ge' 


latine must be 


empl 


oyed, 



H«,db, Google 



as Nelson's or Cox's ; some persons of osperience prefer the 
latter. 

10. Colours. — The size-solution above mentioned will 
need some colouring matter to render it visible when in- 
jected into tho vessels of an animal, and different colours 
arc used when two or more kiiich of vessels are so treated, 
in order that each set may be easily distinguished by 
sight. The proportion in which these colours are added to 
the size -solution niaj bo jjivesi as follows : — 

11. For 



Eed 8 parts of size- solution 

(by weight) to 1 part c 
Yellow... 6 „ 1 „ 

White ... 5 „ X „ 



Blue 3 

Black ...12 



vermilion, 
chrome yellow, 

flake- white. 
blue-smalt, fine. 

lampblaek. 



Whichever of these colours is used must be levigated in a 
mortar with the addition of a very small quantity of water 
until every lamp of colour ov foreign matter is reduced to 
the finest state possible, otherwise in the process of injecting 
it will most likely be found that some of the small channels 
i closed and the progress of the liquid (stopped. 
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use those given in that work. For red, however, vermilion, 
as above stated, may be used; but it must be carefully 
examined by reflected light to see whether it be free from 
all colourless crystals or not. It must first be worked in a 
mortar, and thou the whole thrown into a quantity of water 
and stirred about ; after leaviu;; it not longer than a quarter 
of a minute, the larger portions will settle to the bottom, 
and tho liquid being poured nil wiil eontain the finer powder. 
This may then be dried slowly, or added to the size whilst 
wet in the manner before advised. 

13. Ydloiv 'ii'.jucii'jn, — 'l.'o prepare this, take — 

Acetate (sugar) of lead ,.....;.. 380 grains. 
Tiichnmiato of potash 1S2 „ 



Dissolvo the lead salt in the warm size, then add the bichro- 
mate of p:;tn:,li ilnoly powdered. 

Some of the chromic acid remains free, and is wasted in 
this solution, so thf: following is given : — 

Acetate of lead 190 grains. 

Chromate of potash (neutral) ... 100 „ 



The first of these has the deepest colour, and is the most 
generally used. 

14. White injection. — This is a carbonate of lead : — - 

Acetate of laad 190 grains. 

Carbonate of potash b'S „ 



solve the acetate of lead in the warm size, and filter 
»ugh flannel; dissolvo the carbonate of potash in the 
Jlest quantity of water, and add to the size : 143 
ins of carbonate of soda may be substituted for the car- 
.ate of potash. 
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15. For blue injection, which is not, however, much used 
with reflected %lit, as i.'efore stated, take — 

Prussian blue 73 grains, 

Oxalic acid 73 „ 

Tlie oxalic, acid is first finely powdered in a mortar, the 
Prussian blue and a little water added, and the whole then 
thoroughly mixed with the size. 

16. It may here ho repeated, that it ia only when the 
capillaries are to be filled that there is any need to bo at the 
trouble to prepare the colours by this double decomposition; 
and, indeed, colours ground so finely may be procured that 
the above instructions would have beui omitted, had it not 
been supposed that some students might find a double plea- 
sure in performing as much of the work as possible by their 
own unaided labours. 

17. The process of injection may now be considered; but 
it is impossible for written instructions to supply tho place 
of experience. I will do my best, however, to set the novice 
at least in the right way. There are two kinds of injection 
— one where the oljec-. anil colour; are opaque, and conse- 
quently fit for examination by reflected light only ; the 
other, where the vessels are filled with transparent colours, 
and must bo viewed by tyaa^iiiUecl light. The first of these 
is most frequently employed, so we will begin with it. In 
the object which is to be injected, a vessel of the kind which 
we wish to be filled must be found ; an opening must then 
be made in it to allow one of the small pipes before men- 
tioned to be thrust some distance within it. When this is 
accomplished, thread the curved needle with a piece of silk 
thread, or very line string, which sonic operators rub well 
with beeswax. This thread must not be too thin, else there 
is danger of catting the vessel. The cord is then carried 
under the inserted pipe, and the vessel bound tightly upon 
it, the ends being brought up round the transverse arms, 
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and there tied ; so that all danger of accidentally with> 
drawing the pipe is obviated. Cure must now be used in 
dosing all the vessels which communicate wiLli that where 
the pipe is placed lost the injeelinji fluid escape; and this 
must be done by tying them with silk. Should, however, 
any of these be left open by accident, the bulldog forceps 
must be usud, as before recommended. 

18. The part to be injected must now be immersed in 
warm water, not, however, above 100° Fahrenheit, and left 
Until the whole is thoroughly wurmciL AVhilst this is being 
done, the coloured size must be made ready by the pot being 
placed in the tin bath of warm water, which must be of 
sufficient temperature (about 110° Fahrenheit) to keep it 
perfectly liquid. For the same purpose, the syringe is often 
tightly covered with two or three folds of flannel; and, 
indeed, there is no part of the process which requires more 
attention. If the substance to be injected is too hot, it is 
injured; whilst, if any of the article?; uto too cold, the gela- 
tine, or size, loses a part of its fluidity, and consequently 
cannot enter the minute vessels. When all is prepared, the 
syringe, with the stopcock attached, should be warmed, and 
then filled and emptied with the injecting fluid two or three 
times, care being taken that the end of the syringe be kept 
beneath any bubbles which form upon the surface. The 
syringe may then be filled, and closely attached to the pipe 
which is tied in the vessel. With a firm and steady pressure 
the piston must be forced downwards, when the substance 
will be perceived to swell, ;i tid the colour show itself in places 
where the covering is thin. When the sy " 
emptied of its contents, the stopcock must bi 
vent any escape of the injection from the sn 
then bo refilled, as in the first instance, ai 
repeated. I say almMl emptied, because ii 
force the piston of the syringe quite to the 
small quantity of air which frequently rer- 
into some of the vessels, and the object be ■ 
ruined. As the injection is continued, it wil 
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the force required grows greater, yet care must bo taken not 
to use too m-Jch, or the vessels will burst, and reader all the 
labour fruitless. Tire movement of the piston most be 
occasionally so slow as to be almost imperceptible, and for 
this reason the piston-rod is sometimes marked with lines 
about one-eighth of an inch apart. 

19. Of course, during the whole process the injecting 
fluid and subject must be kept at a torn po-e tare high enough 
to allow the liquid to flow freely ; mid the escape of a little 
of it need cause no fears to the operator, as it is almost im- 
possible to fill a subject without some loss. When the 
injected object lias received, suilicieut fluid, It should have a 
plump appearance, owing to all the vessels being well filled. 
The vessel must then be tied up where tin? pipe was inserted, 
Find the whole left in cold water two or three hours, after 
which time it may be mounted ; but it may be well to notice 
a few things which the beginner ought to know before enter- 
ing into t'i-if: purl, in i lie process; and he may lie hove informed 
that it is not necessary to mount the objects immediately, 
otherwise it would be impossible for one person to make 
use of half of any larjre subject, as it would be in a state 
of decay long before each part could have been examined 
and separated. Large pieces should be therefore immersed 
in equal parts of spirits of wine and water, or glycerine, 
which some think better still, and thus preserved in bottles 
until time can be given to a closer examination. 

20, In operating upon large subjects, entire animals, &c, 
the constant pressure required by the piston of the syringe 
grows wearisome, betides occupying both hands, which is 
sometimes inconvenient when working without assistance. 
To obviate this, another way of driving the syringe was 
published in the i\Iiero;;ra phic .Dictionary which I will 
quote here: — ""We have therefore connived a very simple 
piece of apparatus, which any one can prepare for himself, 
and which effects the oi/ec'.. by mechanical means. It con- 
sists of a rectangular piece of board, two feet long and ten 
inches wide, to one end of which is fastened an inclined 
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quickly when requisite, tbat no mere machine can compete 
mitli it, however well contrived. 

22. When the bc.Liinnev attempts to Inject a subject, one 
of his difficulties is finding the vessel from which to com- 
mence. Another copsists in distinguishing the arteries 
from the veins ; but this is partly removed by malting a 
longitudinal incision in the vessel, and with a blunt thick 
needle probing a little distance into the tube. The artery 
will be found thicker in the coating than the vein, and the 
difference is easily perceived by this mode of testing: the 
vein is also of a bluer colour than the .artery. I say above, 
a "longitudinal incision " must ho made : the reason for this 
is, that an artery when cut across contracts considerably, and 
IS lost hi the adjoining >ubs+e.nee ; but where the opening 
is made longitudiwdhj all danger of this contraction is 
obviated. 

23. The different systems of vessels are often injected 
with varions colours, bo that their relative positions, 
way be shown more clearly. In some specimens, the veins 
are injected with white, and the arteries with red; in the 
kidney, the urinary tubes are often filled with white, and 
the arteries with red. Tben, again, the liver affords tubes 
for three or four colours. But no written instructions on 
this point can benefit the young student, and he must be 
content for a while to employ himself with single colours 
until he has gained the meeliamcal skill and the primary 
knowledge which, are necessary before he can make any 
advance. 

24 We will now consider the best methods of mounting 
injected objects. They must always be well washed in 
water after they have been kept in any preservative liquid, 
using a eamel-bair pencil to clean the surface if necessary. 
Many parts when injected are in masses, such as the lungs, 
liver, &c, of animals, and consequently sections of these 
must be cut. For this purpose Valentin's knife is very 
convenient, as the thickness can be regulated so easily; hut 
where the injections arc opaque, there is no need to have the 
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sections very thin. Some few of this kind undergo compara- 
tively little change in firyiuy-, so that lb o section may "be 
well washed and Moated upon the g'ass slide in the place 
desired, where it will dry perfectly and adhere to it. It 
must then be moistened with, turpentine and mounted in 
Canada balsam lite other objects. No great heat should be 
used with these preparations, as it is very liable to injure 
them; and some of the colours seem to suiter a slight con- 
traction when any groat df gree of warmth is applied. There 
are many objects, however, which must he seen in the mass 
to bo understood, and, indeed, lose all tlioir form and beauty 
in drying, snch aa certain parts of the intestines, &c. These 
must he mounted in fluid, with the precautions noticed at 
ioLiij'.li iiL Chapter V"., and for this purpose either (e^idbj's 
fluid, the chloride of ?.b\e solution, or spirit diluted with ten 
parts of distilled water, may be employed. It is ft good 
thing, when practicable, to mount similar objects on two 
separate slides, using differeet. preservative liquids, and 
taking the precaution of marking each with the kind of 
liquid employed. This not only serves as a guide to what is 
best for certain subjects, but if one is injured, there will 
probijb'y he a <;o;."_! specimen in the ether. 

25. It may be here mentioned that many are now mount- 
ing sections of injected substances with the balsam and 
chloroform before mentioned, instead of rising balsam alone, 
and consider that the labour is much lessened thereby. 

26. A description of that mode of injection which is most 
generally employed has now been given, but this is not the 
only method of effecting our object. A most ingenious 
process was invented by M. Hovers, requiring no artificial 
warmth, by which many beautiful objects have been, pre- 
pared. Mate a solut ion of bichromate of potash, 524 grains 
to a pint of water, and throw this into the vessels to be 
injected; then take 1,000 grains of acetate of lead dissolved 
in half a pint of water, and force this into the same vessels. 
A decomposition now takes place in the vessels, and the 
yellow chromate of lead is formed. In this decomposition, 
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however, the acetate of potash also is formed and as this 
salt lias an injurious action upon the cells, Dr. Goadby 
recommends nitrate of lead to be used, which preserves 
rather than destroys them. He also advises the addition 
of two ounces of gelatine dissolved in eight, ounces of water, 
to eight ounces of the saturated solution of each salt; hut 
with this addition the hot-water bath would be required ta 
keep the injecting fluid liquid. 

27. Many of these are best mounted in balsam, in the 
same manner as those made in the ordinary way; whilst 
others are best shown when preserved in liquids, for which 
purpose Goadby's fluid may ha employed. 

28. This mode of making inactions ^ it.h chromate of lead 
is deemed by many the best, especially whore one colour 
only is employed. Bat it must be allowed that there is a 
little more danger of failure where two separate fluids are 
used for the same vessels. 

29. We will now consider the best manner of making 
tramparmt injections, which, for many purposes, possess an 
undoubted advantage over opaque ones. But it must be 
remembered that there are certain subjects to which no 
transparent injection coal..l bo applied, as they are too thick 
when in their natural state, and cutting would destroy all 
that beauty which is shown by the different parts in their 
relative adaptation. For those objects, however, which 
must be out into sections to display their wonders, or are 
naturally thin— such as some of the finer tissues, livers, 
kidneys, &c, — transparency is a great acquisition, and 
enahles us to understand the arrangement of the vessels 
more perfectly. Again, another advantage is the simplicity 
of the process; no hot water is needed with some pre- 
parations, either for the subject or the injecting fluid, which 



30. For this Hnd of injection no colour is so commonly 
used as Prussian blue. It is not a good one, as was before 

stated, for any opaque object, the light reflected from it 
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appearing almost. black : yet by trausini'l.ed light no colour 
is more useful, because it' 11 distinctness is equally great by 
artificial liglifc and ordinary (.ln.yli.slit. Tb.o method of pre- 
paring this, as given by Dr. Beetle, is as follows: — 

Glycerine 1 ounce. 

Wood nuphiha, or pyroacetic acid 1J drachm. 

Spirits of wine 1 ounce. 

Ferrocyanide (yellow pnirisinte) of potas- 

Tincture of sesqnichloride of iron 1 drachm. 

Water 4 ounces. 

Dissolve the feiTocyaitide of potassium in one ounce of the 
water ; add t.li e l.iMuliirO of se.sipii chloride of iron to another 
ounce. Mis these solutions yr;:di;;dly together, shaking the 
bottle well which contains them — it is best to add the iron 
to the potash solution. When thoroughly mixed, these 
solutions should produce a dark-blue mixture, perfectly 
free from any perceptible masses or flocouli. Kext mix the 
naphtha and spirits of wine, and iuld the glycerine and the 
remaining two ounces of water. This must now he slowly 
mixed with the blue liquid, shaking the whole well in a 
large bottle whilst the two come together. The tincture of 
sesqnichloride of iron is recommended, because it can always 
bo obtained of a uniform strength. 

31. Dr. Turn bull used a mixture slightly different from 
the above, which is made with the suiphato of iron : — 

Purified snlplmte of iron V-> grains. 

Ferrocyanide of potassium. .S'J "rains. 

Glycerine 1 ounce. 

Pyroacetic acid 1£. drachm. 

Alcohol 1 ounce. 

Water 4 ounces. 

Dissolve the sulphate of iron in one ounce of the water, 
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gradually add the forrocyaiiide of potassium dissolved in 
another ounee, and proceed as before. 

32. Dr. Beale also gives us the following carmine injection 
to be employed in the same way as the blue.'* Take — 

Carmine... 5 grains. 

Glycerino, with 8 or 10 drops of hydro- 
chloric acid jounce. 

GHycerine (pure) 1 ounce. 

Alcohol 2 drachms. 

Water 6 drachms'. 

Mix the carmine with a few drops of water, and when well 
incorporated add about five drops of liquor ammonias. To 
this dark-red solution about half an ounce of the glycerine 
is to be added, and the whole well shaken in a bottle. 
Next, very gradually pour in the acid glycerine, frequently 
shaking the bottle daring admixture. Test the mixture 
with blue litmus- paper, and if not of a very decidedly acid 
reaction, a few more drops of acid may be added to the 
remainder of the i;l) :, "erii:e and mixed as before. Lastly, 
mix the nler.ihnl and water very gradually, shul-hi"^ the brittle 
thoroughly after adding each successive portion till the 
whole is mixed. This fluid may be kept ready prepared, 
and injections made very rapidly with it. 

133. The method of malt in;? ii'ijf'dioEs with these colours 
is the same as with '.he geniune mistim;?! before described, 
except that no heat is required, and consequently most of 
the trouble removed. The bottle of the fluid must be well 
shaken immediately before use; and when the object has 
been injected, we must allow it to remain in a cool place for 
a few hours before cutting it. Thin sections of the subject 
may be cut with Yalun tin's knife, as before described, and 

■■ When, 'jowover. it '.:-. r'cMivrilo i.o r.i. very tli'n tactions of ;ho 
injected snbjeM, tins (.■urn i'io U s;mu:.:ir.cs adi'io i to a solution of fine 
gelatine— geliitiiia ni:i: [lai'i In v.-:::-, r i'i^!it ).-:ir:«. Tint the warm water 
and mode of proceeding ivbicii irs used with t.lio sizfi solutions before 
dr-ii; i n i ■■! ii ■■ i ; i i.i is case also. 
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are very beautiful transparent objects. Some of the finer 
tissues, also, are shown much better by this mode of in- 
jection than by the opaque, and are easily mounted by 
washing in clean water when fir.-t separated, and floating 
upon a allele, where they must be allowed to dry thoroughly. 
They may then be immediately mounted in balsam, or kept 
in the dry state until it is convenient to finish them; but 
in many cases this ke [■■]' ing, if too much prolonged, will 
injure the object. If it is defied to transfer the section to 
another slide, it will be necessary to wet it thoroughly with 
water by the aid of a camel-hair pencil, and then gently 
strip it off with the forceps. When it is wished to preserve 
injected subjects in masses, it iiiitst be done by immersion 
in spirit, and the sections may be cut at leisure. Most of 
these transparent objects may be mounted in Canada 
balsam ; but some recommend glycerine or glycerine jelly, 
as allowing the use of a higher power in their examination, 
and preserving them in a more natural form. 

34. A few subjects may be noticed which are very beauti- 
ful when injected, and uTeomjst these are the eyes of many 
animals. They must be injected by the artery in the bad 
part, and when the blue transparent liiiuid is employed, 
nothing oan exceed the delicate beauty displayed by some 
of the membrane. It must be dissected with care, but well 
repays ns for the trouble. Water-newts and frogs are not 
difficult subjects, and in their skin and other parts are many 
interesting- objects. Amongst the commoner animals — rats, 
rabbits, eats, <fco. — almost endless employment may be 
found, making use either of portions or the whole animal at 
once. The intestines of many of these are very beautiful. 
We must divide them with a pair of scissors along the tube, 
and cleanse them from the contents; the specimen may 
then be laid upon a slide, and any remaining impurity 
removed by a camel-hair pencil and water. When dried it 
(nay be mounted in balsam, and having been injected with 
the transparent blue, its minute bounty is shown most per- 
fectly. In injecting a sheep's foot, which is a good object. 
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the liquid should be forced into it until a slight paring of 
the hoof, shows the colour in the fine channels there. 
Perhaps one of the mo4 beautiful and interesting objects is 
the skin or section of a cat's tongue. On examination we 
shall roadily learn the reason why we feel such a roughness 
when we allow the cut to apply her toiii'iio to our hands. 
In appearance m; shall be almost ready to say that there is 
no little resemblance in the arrangement betwixt this tongue 
and those of the molliises fi'.ieiidy lI ; : ,~ l'- iil .■ ■.:■ l! . The liver of a 
rabbit or any other animal is an easy and beautiful object 
for injection. Sections mud*: with Yule a tin's knife, and 
mounted in balsam, are not at all difficult, and worth double 
the time they occupy. 

35. When the lungs of small animals are injected, the 
finest fluid must be used, lis some of the capillaries are so 
small that it is not an easy matter to fill them properly. 
And before entering upon these sublets, a certain pro- 
ficiency in the mode of using the syringo, etc., should be 
obtained by practising upon simpler parts. 

36. Ko subjects are more difficult to inject than fish, 
owing to the extreme soflr.csa of (heir tissues. Mr. Hogg 
recommends the tail of the Jish to he cut off', and the pipe 
to be put into the divided vessel which lies jest beneath the 
spinal column; by which, method be.^utifu: ir.y jtions maj 
be made. The gills, however, are the most k .vesting ri&rt 
as microscopic objects. 

37. These instructions may seem very imperfect to those 
who have had much espurion.ee in this branch; but they 
will remember that their own knowledge was not gained 
from any written descriptions, but was forced upon them 
by frequent failures, some of which probably woro very dis- 
heartening. As I Ik; fore stilted, it is very difficult (if not 
impossible) to accomplish much without some knowledge of 
anatomy. 

88. I may here mention that the transparent injections 
sent over from the Continent Lire beautifully executed by 
Hyrtl of Vienna (who states that the injected fluid is coin- 
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posed of gelatine and carmine), Dr. Oschat?. of Berlin, 
the Microscopic Institute of Wabern, Schaffer and Co. of 
Magdeburg, and others. Bonn! of these: will bear examining 
with a high power. A friend informs me that he measured 
a vessel in a rat's tongue by Hyrtl, which was 1 -7200th. 
of an inch in diameter, and had a e';ear outline with quarter- 
inch objective. He has also made many experiments with 
the same materials, but has as yet failed in producing 
perfectly distinct outlines, there being a tendency of the 
colouring matter (magenta, carmine, &o.) to diffuse itself 
through the coat;: of the vessels into the sitrt'oiusilirie; tissue?, 
although he has varied the pressure from half a pound to 
sixty pounds. He believes the vessels five first washed out 
(injected with wavm water and pressure applied), then some 
fluid introduced, probably sol.ttiua o:' tannin, which renders 
the arteries impervious to tiie coloured fluid afterwards in- 

39. He finds ths.t after washing out the vessels as above, 
the injecting fluid is much more easily introduced. He has 
used a strong solution of gallic acid previously to injecting 
with the colouring matter (in one experiment only), and the 
result was satisfactory. He puts the query,— Might not 
carbolic acid have u similar clKuot? He has often used it 
with injections to preserve the specimens, but not in auf- 
licL::-.':, quantity to act in the way indicated a\>o-.'c. 

Since writing the above, Mr. J. G. Dale, F.O.S., and I 
have made numerous experiments with carmine injection, 
and have at length been favoured with what we deem 
success. Some of the vessels hi a kitten lately injected do 
not exceed l-2000th of an inch in diameter, and present a 
clear outline with one-ri!'th objective. There is no extra- 
vasation, neither does the colouring matter show any grain 
except when a very high power is employed. The following 
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Take 180 grains 
$ fluid o 



r= distilled v. 



Pot these into a small flask, and allow them to digest with- 
out heat from twenty-four to thirty-sis hours, or until the 
carmine is dissolved. Then take a Winchester quart bottle, 
and with a diamond mark the spot to which sixteen ounces 
of water extend. The coloured solution must be filtered 
into the bottle, and to this pure water should be added 
until the whole is equal to sixteen ounces. 

Dissolve 600 grains potash alum in tec fluid ounces of 
water, and add to this, under constant boiling, a solution of 
carbonate of soda until a slight permanent precipitate is 
produced. Filter and add water up to sisteen ounces. Boil 
and add the solution to the cold ammoniacal solution of 
carmine in the Winchester quart, and shake vigorously for 
a few minutes. A drop of this placed upon white filtering- 
paper should show no coloured ring. If much colour is in 
solution the whole most he rejected, because, although 
it is possible to precipitate all the colouring matter by 
the addition of ammonia or alum, it is not well to. do 
so, as the physical condition of the precipitate is thereby 
altered. 

Supposing the precipitation to be complete, or very 
nearly so, shake vigorously for at least half an hour, acd 
allow it to stand until quite cold. The shaking must then 
be renewed for aome time, and the bottle filled up with pure 

After allowing the precipitate to settle a day, draw off 
the clear supernatant fluid with a syphon. Eepeat the 
washing until the clear liquid gives little or no precipitate 
with chloride of barium. So much water must he left 
with the colour at last that it shall measure forty fluid 
ounces. 
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r the injecting fluid, take 24 ounces of the coloured 
[ thus prepared, and three ounces of good gelatine. 
r these to remain together twelve hoars, and then 
to by the heat of a water-bath ; after which it should 
■aiiW tii rough fine muslin. 

this injecting fluid contains gelatine, the hot water, 
>ther contrivances mentioned in a former part of the 
er, will be necessary hero also, but no peculiar treat - 



Since writing the above concerning ( ™« injection, I 
hare had the misfortune to lose my friend Mr. Dale, but not 
before we made scores of experiments together, with tins 
formula, Our experience, I may say without vanity, justi- 
fies me in declaring that a good operator can get results 
equal to any that he will receive from the Continent, as far as 
colour and distinctness are concerned. The colour, being 
thoroughly precipitated, cannot s.'.c'it the tissues, and the 
course is thus clear and well defined. If the object is small, 
it is well to use the mixture with 25 or 30 ounces of water 
instead of 40 ; but, with this exception, T know of nothing 
that needs alteration. I have, time after time, measured 
vessels thoroughly filled with good colour — especially 
amongst fatty portions,— and found them betwixt 1-SOOOlh 
and l-4000th of an inch. As some young students might 
say " Give me an account of some '-bin;/ done with it," I will 
endeavour to describe my use of part, of a iwrfte's lei/. My 
friend Mr. Hep worth wrote to rue that be bad a horse's leg, 
and should be glad if I would come over with sufficient car- 
mine to inject it. I took three pints of solution, and may 
here mention that, with, a very slight loss indeed, all this 
liquid was thrown into our subject. The leg was cut off 
just beneath the knee, and before using it wc allowed it to 
remain in water about 80° or 90° Fahrenheit two or three 
hours, and then introduced our syringe into an artery at 
the top. As I have no faith in any mechanical contrivance, 
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I used the common syringe, and iKkd the log with the 
liquid. "We then jilimcd ii; in cold water, and allowed ifc to 
remain 'until the neit morning. 

The first work was to remove a- niece of the skin, and 
take sections of it by flic aid of a Valentin's knife. The 
arteries were shown beautifully; but the most attractive 
part was where the growth of the hair was laid open before 
us. Each hair exactly resembled a common onion, whilst 
every bulb was sur rounded l.iy n perfect network of arteries; 
and where any bulb had been torn out by accident, there 

was left a minute liird'n-rujst of them, clearly showing how 
they had been intertwined around swim; lost friend. Dif- 
ferent sections of the nii.-eolar portions showed every phase 
of arterial distribution, w ith pome exquisitely minute vessels 
in parts. I then tool; an artery and cut cross seetions, in 
which the carmine portions were as closely interwoven as 
wickerwork. I also, with a pair of scissors, laid open a 
length of the artery, and mounted i1 , together with a cross 
section. In the same way I used the veins. Many of the 
nerves we too!; out, ;i,ml, niter cicaielisi: carefully with knives 
and small brushes where necessary, mounted them with 
the attendant arteries around ' Ue.m. But as we approached 
the hoof, double interest wa> yiveu us. The skin with its hairs 
just above the hoof plainly showed the ohuuge taking place, 
and seetions of the hoof gave beautiful specimens of where 
circulation was gradually stayed by the growth of harder 
substance. Here, too, wtf reached the lamina?, or thin 
plates (somewhat resembling the gills of certain fishes), 
the exact nse of which, we have no space to discuss— and 
these were readily removed by the aid of scissors and 



a few of the beautie 

My friend Mr. Hepw 

is subject for a week o 
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the microscopic world in the fifth volume of their Journal, 
where the illustrations are beautifully printed. We took 
about 1,000 slides from lain log, but could easily have taken 
a speaimen for every microscopist in the country. What 
few slides I now have are mostly mounted in balsam, and 
are quite as good in colour and every way as beautiful as 
on the day they were mounted. 
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CHAPTER VIII, 

MIS CD IX ANIL 01IS. 

It must be evident to all readers that there are various 
objects of interest to the micro- eopist ivhich cannot be 
properly placed amongst any ol' the foreinentioued classes, 
but must not be omitted in such a guide as this professes 
to be. Of these itiiiy be mentioned the circulation of the 
blood in various animals, the rotary motion of the fluid 
in many plants, the beat means of taking minute pho- 
tfjpTn;i:i.3, ifce. &0, 

Perhaps the most inU'resti:ig of these objects is the circu- 
lation of tlie blood through the liner vessels of various parts 
of animals used for these purpose-, which parts, it is evident, 
must be very transparent to asl'ord a perfect view of this 
phenomenon. The web of the frog's foot is very frequently 
employed, but requires a cortiiio s.miiiyc merit, which we will 
now describe. A piece of thin wood \l>i\ Carpenter recom- 
mends cork) is taken, about eight inches long and three 
wide; about an inch from one end is cut a hole, half or 
three-quarters of an inch in diameter. The body of the 
frog ia then placed in a wet biis, or wrapped iu wet calico, 
whilst the hind foot projects; the whole is then laid upon 
the piece of wood, so that the foot, which is left free, may be 
extended over the hole. Tie web ii-nit then he spread out, 
and secured, either by loops of thread fastened to the toes 
and attached to small pins placed around the hole in the wood, 
or the pins may be inserted into the wood— through the 
web. A few bands of tape must be passed round the 
body, the leg, and the wood, to prevent any disarrangement 
arising from the struggles of the animal. Care must be 
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taken that the tape bo not too tight, else t!io circulation will 
be very slow or alto;;othi-r .s'lippcd. Tlve wood must now be 
fixed upon the stage, with the aperture under the object- 
glass : tbis is sometimes done by simply binding it, or a 
spring ia fixed so as to accomplish the same object without 
so much trouble. With a half-inch power the blood may 
be seen to flow very distinctly. The frog may be used for 
hours if care be taken to prevent the web from becoming 
dry, by wetting it with a little water from time to time, 
The piece of wood or cork upon which the frog is laid is 
often made to give place to the " frog- plate a," supplied by 
opticians. These are made of brass, somewhat resembling 
the piece of wood above recommended, but each maker's 
pattern differs, according to his own taste. 

The tongue of the frog is also sometimes used for the 
purpose of showing the circulation of the blood, which is 
done in the following manner :— The body is wrapped with 
calico, and made fast to the plate as before, only the mouth 
of the frog ia brought to the opening. The tongue is then 
gently drawn out of the mouth and pinned down over the 
aperture, when the circulation will be well shown. But, as 
Dr. Carpenter observes, the cruelty of this mode of treat- 
ment is so repulsive that it is unjustifiable. 

Tadpoles of the frog (which, of course, are only obtainable 
in their season) are good salijeots for showing the circula- 
tion of the blood. They are best suited for the microscope 
when about one inch long. The tadpoles of the newt and 
toad also are equally suitable. They may be placed in a 
very shallow glass trough with a little water, and a narrow 
band of linen bound .lightly round in some part not required 
for examination,, to beep them from moving ; or they may 
be laid upon a glass plate with a drop or two of water, and 
a tiiin gl.i.-s c:iVtj:-iriL_' liLihtly i.uv.nu upon it. Hi. Carpenter, 
however, places them lirst in cold water, gradually adding 
warm until the whole becomes about 10u", when the tadpole 
becomes rigid, whilst the circulation is still maintained. I 
have not, however.- found this necessary, the thin glass ac- 
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complishing all that is desired. The tail 


is generally tk 


moat transparent, and shows the circulati 


iu beBt; but in 


some of the newt larval the blood may be 


traced down tc 


the very extremities if they are not too old. 


Mr. Whitney 


phiees the tadpole upon its back, by which i 


neans the heart 


and other internal arrangements may be see 




Amongst fishes also may bo found subjo< 


its for the same 


purpose, but they seldom furnish such go 


od examples as 


those before mentioned, because the blood- 


■vessels are nol 


nearly eo abundant as iu the foot of the 


frog, &o. The 


stickleback is, however, procurable almost 


in auy place 


during the summer months, and may be h 


id in a shallow 


trough, loosely bound down as the tadpole. 


The tail may 


be covered with a piece of thin glass to prev 


ant him curling 


it to the objoct-glaeu. The power needed 


for this will be 


about the same as with the other subjects; 


viz., a half tc 



a .■■inaTtflr-ineli obicct -glass. 

It is. not absolutely necessary to go to reptiles or fishes 
for this curious sight, as some other animals serve very 
well. In the wings of the common bat may be found a 
good subject. These must be stretched out on something 
resembling the frog-plate before (kscrilwd, when, those parts 
near to the bones will show the largest vessels very clearly. 
The ear of a young mouse is an illustration of the same 
phenomenon, but it is very difficult to Ex it in a good 
position, as these animals are so very timid and restless. 

Amongst insects also the circulation may be seen by 
placing them in the cage, or live-bos, so as to keep them 
still, but not to injure them by too much pressure. In 
certain larva? it is particularly well shown, as in those of the 
day-fly and plumed gnat ; but in some of these the blood is 
almost colourless. In the wings also of many insects this 
circulation is well seen, as in. those of the common housefly ; 
but as these parts become dry in a few days, the subject 
should not bo mem Uiim t.n'i.inty-four hours old. 

Somewhat approximating to the fore mentioned pheno- 
menon, is the rotation (or cyciosis) of fluid in the cells, or. 
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used in ita natural state, but a thin section cut lengthwise 
with a razor or other sharp instrument; this section, how- 
ever, ia much better when the outer surface has been first 
removed. It should then be laid upon a slide with a drop 
or two of water, and covered with a piece of thin glass. 
Often the cutting of the section seems to be such a shock to 
the leaf that no motion if vinilile for awhile, but in a short 
time the warmth of an ordinary sitting-room will revive it, 
and with a qoarter-iilob ohjecl.-<_»];i!js the currents will be 
rendered beautifully distinct. Where the stream ia un- 
usually obstinate, the warmth may he slightly increased, but 
too high a heat deatroya the movement altogether. In the 
summer, any of the leaves show this circulation very 
well; but in the winter, the slightly yellow ones are said to 
be the best. 

The Vallisneria requires to be cut in sections to show 
this circulation; hut there are many plants of which it is 
but necessary to take a fragment and lay it upon the slide. 
The Anacliarls u'uA-ii/js-i.ruiit is one of these: it growa in 
water, having throe leaver rmiiid the stem, then a bare por- 
tion, again another three loaves, and so on. One of these 
leaves must be plucked close to the stoni, and laid upon a 
slide with a drop of water. Thin glass should be placed 
upon it, and along the mid-rib of the leaves the circulation 
may be seen mos.'; beautifully when a good specimen has 
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been chosen; hut it, requires rather moro power than the 
Tallisneria. This plant is vary common in many parts of 
the country, a great mituVr of our ponds ii.nd streams being 
literally choked up by it. In the Chora vulgaris and two or 
three of the Nitclht', <ve., this ph,'i;ou-,oiion may also be seen 
with no preparation oxeept plucking a part from the stem 
and laying it upon a. s lide, as with the Anacharis, In using 
the Frog- bit, the mil er part of the younjj leaf- buds must be 
taken to obtain the best specimens for this purpose; but a 
section of the stem will also show the circulation, though not 
SO well. The plants before nionti'incil are all aquatic, but 
the same movement of the globules has been observed in 
several kinds of laud plants ; as in the hairs upon thp leaf- 
stalks of the common groundsel ; but these do not show it 
so well, nor are they so easily miuiaijed a.s the preceding. 

Many microseopists who are not fortunate enough to be 
in the neighbourhood of these plants (indeed the Yt>1l-*ne™a 
- ae)gro* " 
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ved to fall into it for several hours, by whic 
much of the confervoid growth will be removed and the 
plant invigorated. The Anacharis may be rooted in the 
earth like the Vallisneria, but a small detached piece may be 
thrown into the jar of water and there left until wanted. 
For months the circnlatiou will he well shown by it, and it will 
probably grow and increase. It is also very healthy in an 
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in-door aquarium. It is reeom mended Ibat the jars in 
which the plants of Chara arc grown should be moved about 
aa little as possible, as the long roots are very tender, and 
will not bear agitation. 

An object which is interesting to the microscopist, as 
well as the un scientific observer, is the iji-iiirlh of seeds, as it 
is often erroneously termed. A shaving of the outside of 
the seed is taken and laid upon the glass slide; a thin 
glass cover is then placed upon it, and a drop of water 
applied to its edjje. The water wiil gradually flow under 
the glass and roaidi the section of the send, when transparent 
fibres will appear to spring out and " grow " for some 
minutes. This, however, is produced by the unfolding of a 
spiral formation in tho cells, and. therefore, has really no 
similarity to the true growth. The seeds of the Salvias, 
Colloraias, Senecio, Rnellia, &c, are well suited for the 
display of this curious sight. 

To watch the develop merit of the spores of ferns, and the 
fertilization and products, Dr. Carpenter recommends the 
following mode of proceeding :—" Let a frond of a fern, 
whose fructification is mature, be laid upon a piece of line 
paper, with its spore-be ay In;; surface downwards; in the 
course of a day or two this paper w.-ll be found to be covered 
with a very line brownish dust, which consists of the dis- 
charged spores. This must be carefully collected, and 
should be spread upon the snrfaee of a smoothed fragment 
of porous sandstone; the stone bcinjj placed in a saueer, 
the bottom of which is covored with water, and a- glass 
tumbler being inverted over it, the requisite supply of 
moisture is insured, and. 'he snores will i;enainate luxuriantly, 
Some of the prot'aa.llia soon advance beyond the rest; and 
at the time when the advanced ones have long ceased to 
prod 'ice an the rid!:].. ;i ml be:;r nbnmlavieo of archenoniii, i.bose 
which have remained bellied in their gro'.vfh are beginning 
to be covored with antheridia. If the crop be now kept 
with little moisture for several weelts and then suddenly 
watered, a large number of antheridia and archegonia 
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simultaneously open, and in a few hours afterwards the 
surface of the larger prothallia will be found almost covered 
with moving anthei'owjids. Koch prothallia as exhibit 
freshly -opened archegonia are now to be held by one lobe 
betweon the foreiinjrer a.nd thumb of the kit hand, so that 
the upper surface of tho profhrtllium lies upon the thumb; 
and the thinnest possible sections are then to be made with 
a 11 arrow-blade J knife perpondkuliirk' to the surface of the 
prothallium. Of these sections, which after much practice 
may be made no more than l-l&tli of a line in thickness, 
some will probably lay open the. canals of the archegonia, 
and within these, when examined with a power of 200 or 
300 diameters, antheroaoids may be o occasion ally distin- 
guished." 

Another interest h-g object to the young microsoopist is 
afforded by the spores of the Equiseta (or Horsetails, as 
they aro often called). These may be obtained by shaking 
the higher portion of the stems when the spores are ripe. 
They will then fall like small dust, and may be placed 
under the microscope. The spores are then seen to consist 
of a somewhat heart-shaped muss with bands rather in- 
tricately curled around it. As they dry, these bands 
expand, and are seen to be four lines at right angles, with 
the ends clubbed, as it may be caiied. If, whilst watching 
them, the spores are breathed upon, these Lauds immediately 
return to their former state, and are closely curled around 
the spore; but as they gradually dry, again expand. This 
experiment may be repeated many times, and is a very 
interesting one. 

The preceding are the pvineipa! objects which could not 
possibly be included in any of the former chapters, but 
would have left a most interesting branch untouched had it 
been neglected. There is another ndjjeet also which should 
not be passed by; vi«., the production of minute pictures 
which serve as objects for microscopic examination. I 
may here mention that as this manual is simply to 
enable the student to prepare and mount his objects, the 
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photography of vi-inrii'iUd oliiec's has evidently no place 
here. 

Few slides caused so much astonishment aa these minute 
photographs when first exhibited ; small spots were Been to 
contain large pictures, and a page of printed matter was 
compressed into the one-hundredth part of a square inch. 
It would be impossible in this place to give the inquirer 
any instruction in the manipulation el" photography, so it 
must be assumed that he alrea.dv knows this. 

We will first consider the process performed by artificial 
light. The collodion employed in photographing generally 
shows as much structure when Tiin^iiilicd as is found in 
linen of moderate texture; but this is not always the case, 
as some samples bear much enlargement without any of 
this appearance. It is evident that a structure so coarse 
would make it entirely unfit for these minute pictures, as 
all the small markings would be destroyed, or so interfered 
with, that no great enlargement would be practicable. To 
obtain almost structureless collodion is not an easy matter, 
and a clever practitioner in this branch of photography 
states that he knows of no method to accomplish this with 
certainty, but he himself tries different samples until he 
falls upon a suitable one, which he then lays aside for this 
object. A beneficial effect is often derived from keeping the 
collodion awhile, but this is not always the case. The slides 
should be chosen of an equal thickness, so that when 
focussed upon one, no re-adjustment may he necessary for 
the others. The glass should, of course, bo free from any 
roughness, scratches, or other imperfections, and of very 
good quality and colour. 

The microscope must be placed in a horizontal position, 
and the eye-piece removed, the stage having a small clip 
upon it to keep the prepared plate in position. The nega- 
tive must be supported at a distance from that end of the 
microscope tube from whieh tins evL-pii 1 !.? was withdrawn. 
This distance will, of course, vary according to the relative 
sizes of the negative and desired picture. With an inch 
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object-glass, which is of a very convenient focus, it will vary 
usually betwixt one and four feet. The negative must be 
lighted by an argatid gas-burner or cainphine-lamp, and the 
raja rendered as parallel as possible by a large plano-convex 
lens placed betwixt the light and the negative. It is not 
easy to arrange the apparatus so as to get the light -uni- 
form; but a little practice will soon obviate this difficulty. 
Ordinary ground -glass is ton coarsely grained to focus upon, 
as the magnifying power used to examine the minute reflec- 
tion must be considerable. One of the slides must therefore 
be coated with collodion, submitted to the silver-bath, and 
after washing with water, allowed to dry. Upon this may 
be foenssed the reflected image, and its minuteness examined 
with a powerful hand- magnifier, or another microscope 
placed behind in a horizontal position. When the utmost 
sharpness of definition is obtained, it. is usually necessary to 
remove the plate a little distance from the object-glass, as 
those for the microscope arc slightly ov or- corrected, so that 
the chemical rays which accomplish the photography are 
beyond the visual ones. Tho exact distance required to 
give a picture to show tho j; neatest distinctness cannot be 
given by rule; but experiments must be made at first, and 
it will always be the same with the object-glass which wo 
have tested. 

The plate may now be prepared as in ordinary photo- 
graphy, and placed upon the stage whilst the light is 
shaded. When all is ready, the shade is removed and the 
process allowed to go on, usually fin 1 thirty or forty seconds ; 
but no certain rule can be given as to the required time, on 
account of the variety of collodions, lamps, and powers used. 
It may be here mentioned, that it is welt to contrive some 
little frame to receive the prepared plate, as the silver-bath 
solution is liable to get upon the microscope-stage, and so, 
to say the least, disfigure it. When the exposure has been 
continued sufficiently long, the picture may be developed by 
any of the ordinary methods, but some of the best produc- 
tions have been brought out by the aid of pyrogallio and 
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citric acid solution, with the addition of a little alcohol, 
The rising may be effected by a strong solution of hypo- 
sulphite of soda, and the picture should then be very well 
washed with pure water. When dry, the photograph must 
be mounted with Canada balsam, in the same manner as 
any ordinary object; bnt great heat must not be used, or 
the picture may be injured. 

When ordinary daylight is employed for this purpose, a 
dark slide will be required for the prepared plate, in the 
same way as for photographing landscapes, &o. These 
dark slides are generally made by each individual to suit 
his particular arrangements of negatives; but it may 
be hare recommended that the operator should always 
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these minute pictures. Mr. Shadboit (one of our most 
successful photographers) gives the following instructions:— 
"Having removed the upper st^e-platc of a large com- 
pound microscope. I replace it with one of wood, supplied 
with guide-pins of silver wire, in order to admit of its sup- 
porting a slip of glass coated with collodion, ana excited in 
the nitrate of silver bath in the usual way. If the ordi- 
nary brass stage-plate were left undisturbed, it is obvious 
that it and the excited slip of glass would be mutually 
destructive. 



scope is now to be placed in a horizoi 
osition, the objective, intended to produce the picti 
lade to occupy the place usually filled by the achromi 



inl 



ctive is screwed into the lower end of the body of the 
rument, which is used not only to foeus with, but also 
Lake the requisite allowance for actinic variation. 
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vertically, with ita centre in tiie axis of the microscopic 
body, at a distance from two to four feet from the lower 
object-glass, and with a convenient screen of card, wood, or 
thick paper, to cut off any extraneous light that would 

otherwise p^s beyond the limits of the picture. 

" A small cam phine- lamp is employed for the purpose of 
illuminating the native, bavins/ a good bull's-eye lens as 
a condenser, so arranged with ita flat side next the lamp 
that the refracted rays shall just fill the whole of a double 
convex lens of about sis inches in diameter, the latter being 
placed in such a position as to refract the rays of light in a 
parallel direction upon the negative. By this arrangement 
the bull's-eye Icm; of about two inches and a half in 
diameter appears as the source of the light instead of the 
small flame of the lamp. 

" By using a bat's-wir.;; gas-burner of a ^ood size, a single 
lens, instead of the two, may be so placed as to give the 
iLece.^avy uniformity of i'bi ruination." 

This arrangement requires the same (.'are in working as 
that before mentioned, the pictures being produced, de- 
veloped, and fixed by the same treatment. 

It is certain that almost every manipulator makes soma 
email changes in the method of producing these minute pic- 
tures ; but the rules given, though far from new, are 
sufficient for all purposes ; and I may say with truth, that 
those which I procured when these wonders were quite new, 
are fully equal in every respect to the best usually met with 
at the present time. 

With these instructions I shall close my Handbook, as I 
believe that nearly every branch of the Preparation and 
Mounting of Microscopic Objects has been treated of. Mot 
that the beginner can expect that he has only to read this 
to be able to mount everything; but that there are difficul- 
ties from which he may be freed by instruction, when other- 
wise he would have been compel led to hum by failure alone. 
I way here, however, repeat certain advice before given, — 
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thai;, when practicable, it is a good thing to mount each 
object by two or more d JTerent method?, an very frequently 
one feature is best fliowu dry, another in liquid, and a third 
in balsam. Secondly, let no failures discourage you. in 
following up what will ii^sovedly one day become a source of 
great pleasure, and render your daily constitutional walk, 
which is often dull in the extreme, very delightful, as it will 
atford you some new wonder in every hedge-row. And, 
lastly, let the mounting be studied fhoroi'.'jlily, scarcely any 
part of microscopic science being more worthy of thought 
than this, piece it will so far contribute to the enjoyment 
or instruction of otli-.Ts, h.s to preserve fur tlielr examination, 
ohjects which have already ministered to your own, but 
which may yet be so per^hablo as to be speedily lost unless 
aome one of the many process described in this manual be 
employed lor their preservation. 
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